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ATOMIC SCIENCE AND TECHA4'OLOGY AND COMXUNIST CONSTRUCTION

/following 13 the tPanslation of aa article
'ByV. S. Yemel'yanov, Chairman of the State
Committee on the Uses of Atomic Energy of
the USSR Council of Minlsters, in Atomnaya
Energiya (Atomic Energy), volume 1, #,
O er 961, pps. 301-3129.

The Draft for the new Soviet Communist Party Program
contains the following statement,"... the development of
new technology will be applied toward the radical impro-
vement and facilitation of working conditions for the
Soviet people, shortening of the working day and imprave-
ment in living standards, the liquidation of hard physical
labor, and finally the elimination of all unskilled labor"

Advances in the physical sciences and nuclear physics
in particular open up great new possibilities for achiev-
ing the goal of constructing a new communist society.

Atomic energy, i4n its role of a new and powerful
source of highly con •entrated energy, can effect a con-
siderable increase in the per capita power output of the'
Soviet Union, making it possible for the Soviet economy
to solve problems whose solution could not even be
approached on the basis of usual power production facili-
ties. Radioactive isotopes as radiation sources create
wonderful possibilities for the automation of industrial
processes and the replacement of men by machines. Iso-
topes are likewise gaining wider use in medicine, scien-
tific research, and the most varied sectors of the nation-
al economy.

Scientific researches and studies in the field of
nuclear physics are presently at different stages and
levels of development, so that the scale of efforts to
apply their results is likewise variable. The most
advanced research fields at this time have to do with
the harnessing of the fision energy of heavy nuclei
(uranium and plutonium). These processes have already
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found pra-tlcil application i2n the foi-n of electrical
powerstations and other power-producing facilities.

The world's first industrial atomic electrical
powerstation with a 5000-kilowatt capacity was put into
operation in the Soviet Union over 7 years ago and has
been funritioning successfully and without interuption
since that time. Work is ncw being completed on the
construction of a first line of major atomic electrical
powerstations near Voronezh and in Beloyarsk.

The uanium-graphite reactor at the Beloyarsk Atomic
Electrical Power Station imini I. V. Kurcnatov has an
electrical power-producing capacity of 100,000 kilowatts
and represents an original design develcped by Soviet
specialists. Using slightly enricned uranium, this
reactor produces superheated steam at a pressure of 100
atmospheres. Thus, for the standpoint of its operating
perameters, the Beloyarsk reactor will be the finest in
the world.

The Novc-Vorcnezhskaya Atomic Electrical Power Sta-
ion is based on water-water reactors each generating

210,000 kilowatts of electric power.
With Soviet assistance, both Czechoslovakia and the

Germnan Democratic Republic are building experimental
electrical power stations. The 250,000 kilowatt atomic
electrical power station in Czechoslovakia is to be
furnished with a reactor which uses heavy water as the
moderator and carbon dioxide as the heat transfer agent.
In the Germany Democratic Republic, the power capability
of the first line in an electrical power station based on
a water-water reactor totals 70,000 kilowatts.

Research carried on by Soviet scientists and engin-
eers in the field of atomic energy is accolnpanied by the
construction of numerous research and experimental nuclear
reactors and assemblies of various types and power capa-
bilities. This includes reactors which emnploy girphite,
ordinary and heavy water, and organic fluids as moderators
as well as heavy and ordinary water,ort'anic fluids, and
molten metals as heat transfer agents. Designs have
been worked out fcr reactors based on neutrons of various
energies, vayiing netron flow densities, functioning on
a continuous and pulsed basis.

As is known, the Soviet Union has at its disposal
enormous reserves of organic fuels and hydro-electric
power resources which can satisfy the country's needs
for a sufficiently long period; on the other hand, the
USSR likewise has regions which are. far removed from any
of the conventional power supply sources. The new CPSU.
(Communist Party of the Soviet Union) Draft Program which
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assuring expanded reproduction of the nuclear fuel have
not as yet been actually tested, Vhile the problem of
obtairsing large quantities of electrical energy at the
expense of uranium and plutonium fission reactions has
not as yet received full study from the technical and
economic viewpoint. Studies in this area are presently
being conducted in the Soviet Union, as well as in the
US., Britain, and France.

The quantities of fissaonabio materials required to
stoke fast-neutron reactors are still quite great; it
is necessary to accelerate the nuclear fuel reproduction
cycle as well as to solve certain other technological
problems.

The further automation and improvement of prccesses
involved in the extraction and purification of plutonium
or U-233 from fission fragments and the automation of
heat-generating element production, alopg with the devel-
opment of economically feasible reactor designs, repre-
sents one of the most important tasks along the path
toward the wide use of nuclear fuel for the creation of
an extensive atomic power base.

Reactors with a h.gh degree of nuclear fuel breeding
in combination with other reactor types must be carefully
studied with reference to the problems of electrifying
the entire country and making wide use of atomic energy
in industry.

Along with the development of nuclear reactor designs
for electrical power stations and research purposes,
Soviet specilaists have created reactors to be used in
naval vessel power installations. The Soviet Union,
having at its disposal a number of first-class atomic
submarines presently engaged in the defence of waters
around our Motherland, is devoting a great deal of atten-
tion to the peaceful uses of atomic energy in its merch-
ant marine fleet. In 1960, the flagship of the Soviet
icebreaker fleet, the atomic icebreaker Lenin", made its
maiden run over the Northern Sea Route,

The table below contains some data on the Soviet
icebreaker as compared with the first American atomic-

,powered merchant i essel, the "Savannah". Lee Table I
at end of reporg.

For the first time in the history of the Arctic, a
fleet of Soviet vessels headed by the atomic Icebreaker
"Lenin" sailed from the Kara Sea toward the Laptev Sea
in the East. The icebreaker "Lenin" led 92 vessels
through the hummocky Icefields of the Northern Sea Route,
where the thickness of the ice layer sometimes reached
2.5 meters.



Thus, we have already had our first experience with
the use of atomic energy to power an icebreaker; this
experiment confirmed the excellent results obtainable
with Soviet-designed reactors for ship power installation.

One of the most important problems involved in the
wide development and application of atomic energy is that
of radioactive wastes. The production of plutonium and
reprodessing of heat-generating elements at atomic
electrical power stations and power facilities, involves
the formation of large quantities of radioactive waste
which undergo only partial disintegration over a short
period of time and present a danger for humans for many
decades to come. Some of the fragment radio-isotopes
are finding practical application in industry, medicine,
and other areas. The scale on which they are emplcyed
is as yet insignificant, however.

In our country, radioactive wastes given off in the
purification of heat-generating elements coming out of
the reactors, are stored in special facilities designed
for the purpose. In the US and Britain, radioactive
plutonium wastes are dumped in the seas and oceans, which
not only creates a danger of radioactive contamination
for the animal and plant life in the seas, but also is a
threat to humans. Radioactive substances accumulate in
plant and animal organisms, some of which are consumed by
man.

Biological, medical and genetic studies of this
problem have provided sufficient evidence of the perni-
cious effects of radioactive contamination on humanbeings
and require the development of special measures to com-
bat the penetration of radioactivity into the human
organism.

Soviet scientists are devoting a great deal of atten-
tion to the study of radiological problems connected with
all of the possible forms of radioactive contamination.
Research is being carried on to discover ways of burying
radioactive wastes in such a manner that the radioactive
material will never escape control so as to contaminate
surrounding areas and inflict harm on humanbeings.

In order for atomic power production to play a
significant role in the general power production system
in the Soviet Union, it will be necessary to effect a
considerable decrease in the cost of electrical power pro-
duced at atomic electric power, stations.

One of the most important problems in the field of
nuclaar power. production. la the working out of methods .



for the direct transform-.ation. of the energy of nucleiar
processes into eleý-rinity.

In trle Soviet U!,In research on tne direct trana2-
formnation of heat into electrical energy has been under
way for a long timie. Academician A. F. loffe developed
not only the theýýry of' thermal electr'ic tT-ansforrners but
also directed the const1,ruc tion of the firit th,4rmal
batteries. New seini-(;.,nductors deve).cpe,! by Soviet
.scientists exhibit even higher technical qualities antd
retain their properties for a Along time.

In a nuclear reactor, energy can be produced at
extremely high temperatures, and this creates favcr'able
prospects for ootaining hiGh efficiencies In the trains-
formation of fission energry into electricty. T~he direct
-transformation of nuClear energy into electrical erserk~y
will result in the considerable simplif'ication of electri-
cal power producing schemes,, there-by having an erLonrous
effect on various branches of technology. For this
reason, the new Party Draft Programr exrll-itly erp~res3ces
the need for further research on methoc(ý of :rtir
transforming thermal,, nuclear, solar, and chemical env-rgy
into electci'city..."

It.* is obvious that with the great proopectse now
facing atomic energy, much attention must be devoted to
the physics of nuclear reactors. Soviet 3centis-ts are
aondueting various st,2dlies in thic. area, ext(Lring them
systematically aa the fundamental basis of 'indusz;rial
develouoinent. As an e~ar-pl e, we might mention onie of the
trends i.n tthls wo-Akr.

.In 196$0, the unifl.ed Nu~clear Research Insatitu~te a.
Dubna r,1At Into operaitotn a new riurlear r'eactor design;ed
for research purpoces in tile area of neutron physics;
Ithe desIgn for thi~s roŽactor bea.-s the stamp of great
o ri sJ-a Ii ty. This is the world's only reactor based on
the -use of plutonium rods and a disc bearing UJ-235, re-
i-*Iiagr at a -rate of 5000 revolutions Pei, mninute. Ai,
maximumi pulse height, Gttis reactor1 attains a powe-' of
3000 kilowa~tts. It is capable of~ producing a globuiar
neutron burijt of ;017 neutron3 per s3coond at a perVbdic
rate of B.'4 tirres iý second a;C the ptul-i max.rnum.

Over the past few years, in addlition to the arpplica-
tion of' atomnic energy'in power production, there have
been Important developments in the use of' radica-ctive
isotopez and nuclear radiaticn..
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t tne present time, radioactive and stable isotopes
ciid nuclear radiations in our country are being employed
by over 2500 research, medical and industrial organiza-
tions. Practically all branches of the national ecornony
today, although to varying degrees, are making use of
radioactive isotopes. Soviet industry is now producing
over 300 radioactive and stable isotopes in the form of
radioactive sources and tracer compounds.

Isotope products are being widely distributed both
inside the country and exported to the People's Demo-
cracies, Japan, the UAR, Iraq, Mexico and other countries.

But the practical application of isotope techniques
is actually only beginning. It will undergo continual
expansion: full use must be made of this newly-conquered
force of nature. In this connection it should be noted
that at the present time, only about 1-10th of the radio-
active and stable isotopes known to science are in actual
use.

The utilization of radioactive isotopes as tracer
atoms in scientific research and for many other purposes
has become an integral part of actual scientific and
industrial practise. Important advances have likewise
been made in techniques based on the penetrating power
of ionizing radiation the injury it inflicts, energy
generaticn, the activation of other materials, etc.

Various devices based on the use of radioactive
isotopes to a great degree satisfy the needs of modern
industry which is today characterized by a great accele-
ration of various processes, the utilization of high
temperatures and pressures, and automatic regulation.
Thus, for example, in both ferrous and non-ferrous metal-
lurgy, radioactive isotopes and ionizing radiations make
it possible to maintain continuous control over the auto-
matic mixing of metals and crystalization processes, as
well as to create techniques for continuously controling
rolled plate and ribbon thicknesses, and blast furnace
stoking processes; in the machine building industry,
isotopic methods are employed in product defectocopy
and surveillance over machine and instrument wear; in
the building industry, Isotope instruments are used to
conti'ol the quality of concrete structures during the
pouring process and to check the strength of reinforced
concrete members.

Radioactive methods have likewise gained wide
acceptance in geological survey work and mineral prospec-
ting. According to the Economics Institute of the USSR
Academy of Sciences, 2.2 million tcns of high-quality
petroleum have been discovered by these methods in
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abandoned well holes 'n the Westerr Ukraine end Azerbay-
dzhan alone. Accor' •.n to data from the same source,
the economic effect of using radioactive methods in pro-
specting and ore survey work amounted to over 45 million
roubles in 1960.

Great possibtlities are likewise opened up by the
use of Ionizing radiation for the realization of various
radlochemical processes.

As examples of economically profitable processes,
one can already today cite -he oxidation of organic con,-
pounds, including benzene, and the radiation polymeriza-
tion of a number of organic compounds, making It possible
to obatin materials with considerably improved properties.
The radiation synthesis of polyethylene makes it possible
to carry out the process at pressures of 250-300 atmos-
pheres and temperatures of 30-80 degrees C without the
use of catalysts. The use of insulation made of stable
polyethylene in the electrical Industry makes it possible
to lower copper expenditures through increased current
carrying capacity without lowering the durability of the
cable.

These and many other applications of radioactive
isotopes demonstrate that radioisotope techniques have
become an important tool in the development of technology
within the ndtional economy.

At the present time, radioactive and stable isotopes
in the Soviet Union are employed in the production of
over 700 various chcmical compounds.

Fadioactive isotopes and nuclear radiations are
opening up great pro.spects in medicine, finding wide
application in the dlagnosis and treatment of a number of
disorders. For example, with the aid of radioactive iso-
topes it is possible to study the functions of certain
organs and organ systems without interfering with their
functioning. Thus, the J-131 isotope is used in the
diagnosis of thyroid disorders. The P-32 isotope enables
physicians to determine the amount of blood circulating
in the organism. The diagnosis of brain and nervous
system tumors is accomplished through the use of radio-
active isotopes of radon, xenon, and iodine. External
irradiation techniques with devices using Co-60 and Cs-137
for treating skin, esophagus, lung and other cancers have
been developed.

There are also new methods of radio-surgical, inter-
cavity and inter-tissue radiation treacments which are
employed in conjunction with extenial radiation. These
make use of Co-60, Ce-137, Au-198 isotopes in colloidal
solution, granules of Y-90, etc.

The above examples of the use of radioactive isotopes
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and r*adiation in med~ine only partially illustrate the i
enormous possibilities of the peaceful uses of atomic
energy on behalf of mankind.

Agriculture can also be benefitted widely through
the use of isotopes; in the future, we shall expect the
discovery of new possibilities and prospects, partioularly,
in the use of radioactive radiation in the canning of
pgrioultural products, ! ,

Modern technology hass- ite-s disposal a wide range
of radioactive isotopes of vsrying energies, half-lives,
and other properties. Thfi imakes it possible for tech--
nicians to solve problems about which one could not even
dream in the past. For example, the use'of radloaotive
isotopes in automation can be an important means of
solving one of the problems posed by the new CPSU program:#
",,.,The liquidation of hard physical labor, and then of
all unskilled labor in general." Thus, for example, in
the ore extraction and enrichment branches of Industry,
the operations involved in pulverizing, transporting, and
enriching coal and ore, in which the performance of mono-
tonous and simple functions requires the presence of m~en.
in an atmosphere of ore and coal dust and constant mach-
ine noise, the use of devices based on radioactive Leo-
topes will make possible the complete automation of in-
dustrial processes And to replace human labor with machi-
nes. The first indurtrial experiments on the ure of
radioactive devices at the Krivoy Rog Southern Ore Enrich-.
ment Combine and at the Shale Desposits in the Ebtonian
SSR have fully confinwed this possibility and opened up
yet another method 0f employing radioisotopes.

The use of Isotopes in the coal industry for the
automiatic stabilization of the coal extracting combine
at the "ore-coal" contact boundary makes possibl- the
maintenance of continuous control overthe position of the
cutting instrument and the complete exploitation of the
rapid-action capabilities of the combine. This is a
techniques which in the future can lead to the complete
automation of underground operations and the transfer of
machine control to the surface.

As is apparent from the foregoing, atomic energy
today is finding practical applications not only in the
military field, but in various sectors of the national
eoonomy as well. It has left the confines of the labora-
tory and has entered the wide open spaces of industrial
exploitation. After the completion of test runs on ex-

'.'atino and _ _u a -Atomac _AZeotr-'cal poe.r stai,_a4
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reactors, and after- w-rk is completed on the evaluation
and compilation cf the best types of designs, followed by
the selection of the best, most reliable, and economical
types of equipment, wide prospects will open up for the
construction of electrical power.stations and power facili-
ties, while radioactive isotopes and radiations will find
even wider use in the national economy.

The foundation of our efforts on the uses of atomic
energy is the powerful scientifc base which is receiving
so much attention from our Communist Party. This
scientific base, in particular, assures the discovery and
development of new scientific and practical perspectives.

The scientific elaboration of varioup problems In
nuclear physics already today is opening up new and even
more attractive possibilities for using the energies of
nuclear reactions.

The use of atomIc energy drawn from the fission of
heavy element nuclei is not the only possible reans of
using the energy hidden in the atomic nucleus. At this
point, one should first of all mention the problem cf
controlled thermonuclear processes whose solution is one
ofthe most important task posed by the Communist Party of
the Soviet Union.

Academician I. V' Kurchatov already in 1956 spoke
before the 20th Congress of the CPSU about the great role
to be played in science and the economy by the solution
to the problem of controlled thermonuclear reaction. He
said that today in the hydrogen bomb we are already able
to create conditions for the fusion of hydrogen nuclei,
i.e., to achieve thermonuclear synthesis, but that it is
now necessary to control this reaction in order to avoid
an explosion.

Soviet research on controlled thermonuclear synthesis
is being carried on on a wide front. A number of major
installations of various types have been constructed for
this purpose, including the largest experimental facility
called the "Ogra" with a vacuum chamber 1.4 meters In
diameter and 12 meters long; several other such instal-
lations are presently under construction. We are confi-
dent tnat the problem of practically employing controlled
thermonuclear processes will be solved.

In working on the problem of thermonuclear synthesis,
studies are made of processes which take place a tempera-
tures of millions of degrees, when matter is transformed
into plasma--a new ani little-known state. Research in
this area has given rise to a new field of physics--plasma
physics. The development of this field is of considerable
importance since the successful completion of work on
thermonuclear synthesis will completely satisfy the energy
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requirements of the vntlr -world population for all time
to come. This work is a.oso Irportant by vir t.ue of the
facl that it miakes possible the discovery of a number of
new and practically irportant data and refulta. Thus,
work with plasma requires the complete mastery of hgh,
vacuum techniques (up to io-'O- io-. mll2.1mters o2
mercury). &:perience in this area is of importance to
a number of branches of the national economy. Plasma
work likewise involves the creation of strong magnetic
fields (50,000-200,000 oersteds).

Recently, Soviet research has resulted in the devel-
opment of intermetallides which posess the: property of
superconductivity and make it possible to obtain strong
magnetic fields under practically realizable helium tem-
peratures, which, of course, is of great importance to
other branches of science and technology.

But nuclear pnysics has still far to go in realizing
all its possibilities. Thus, studies of atomic nuclei
have led to the discovery of new particles--the so-called
anti-particles. Over 10 such new particles have been
discovered in the last few years. Most of them have a
half-life of less than I 200-thousandths of a second,
while others are stable or have a long half-life.

Table 2 oelow contains data on some of the anti-par-
ticles.

The collision of a proton with its corresponding
anti-particle, the anti-proton, is accompanied by an
anibh.lation process characterized by the release of a
large quantity of energy approximately 1000 times greater
than that given off in nuclear fission or thermonuclear
synthesis. The problem of particle athilation is of
serLus scientific importance and its study affords a
deeper understanding of the structure of matter.

Still another important tool in the s+udy of nuclear
structure is the investigation of the effects on atomic
nuclei of bombardment by other nuclei and particles
accelerated to high energies with the aid of powerful
accelerators. This method still remains the most univer-
sal one, and will continue to develop in the foreseeable
future. Several new large accelerators will be put into
operation soon; conztraction work began recently on the
worldts most powerful rigid focusing accelerator with a
nominal proton energy of 50-70 bev (billion electron vdts).
Table 3 below lists the most important specifications for
this accelerator.

New accelerator installations will result in a still
further strengthening of the material base of Soviet
studies of nuclear structure.

Likewive of considerable scientific interest is the



loebreaker The "Savannab"

i0omplettor 1959 1961 (planne4)

iDisplacament, in thousands of tons 16 21.8
Engire power, in thousands-ofV1'- 44 20

Nass Rean Life Year Discovered
'lntiproton 938 Stable 1955

•ositron 0.511 1.013;10 seconds 1932
fJ

Table I
iNominal proton energy, bey.. .50-70
!Nean orbital radius, mees.......,.236
Maximum field, oerateds.. ** atGO.. * e*e6eee 10000-12000
• nmeetion energy, mev......103
Rumber of magnets...1., ..... 120
Total magnet we tons . >20000
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Figu~re 2. Building which houses fast-neutrofl 
test reactor

constructed in 1958.
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Figure 5. ~hibit of protective ")othin?, worn in control.ling
radioactive corntar~inaticrL (paiiilion on "Peacef'ul
UP3es of Atomic Energy", Ai1-UCnion Ten-Da~y Festival
of t~he i'ationl EcOnOMiy, 1961)e
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Figue7 Overall view of the cycl2otron for the acceleration~ of
multiply-charged ions of the Joint Nuclear Research Institute at
Dubna.
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THE INTERACTION OF CHARGED PARTICLE BEAMS WITH PLAS'M0S

ZfOllowing is the translation of an article
'FyYa. B. Faynberg (assisted in conmpiling
the survey by V. I. Kurilko, I. F. Kharchenko,
and V. D. Shapiro) in AtomnayaEnerg ' (Atomic
Eneriy), volume 11, # 4, Oto•r !b-, ps. 313-
335w_ 0

The interaction of charged particle Dearns with
plasmas plays a significant role in various types of gas
discharges present in equipment used in CTR (controlled
thermo-nuclear reaction) research. This interaction is
a determining factcr in a number of new methods for accel-
erating charged particles, lnitensifyin6 and generating
microwaves with the aid of plasmas.

Despite the apparent diversity and variation in the
forms of such interaction, the elementary processes which
lie at its basis can be reduced to the Cerenkov effect,
anomalous and normal Doppler effects, and the effects of
plasma polarization, as charged particles move through it.
The parametric Cerenkov effect can also play a signifi-
cant role in the movement of charged particles and oscil-
lators through a limited or spatially-periodic plasma.

Since plasma density 11, is in most cases relative-y
low (,Pt 0 - O , the energy lost by a single par-
ticle per unit length 4r/A as a resu..lt of these effects
is small and is on the order of io.A- 1O . electron volts/
centimeter. In most cases, however, it is a beam of
charged particles which interacts with the plasma. When
this occurs, the effectiveness of the interaction increa-
ses considerably (reference 1) since the resulting self-
modulation of the beam finally leads to a coherent inter-
action of the beam particles with the plasma (reference 2).

Energies lost by particles in the beam due to excita-
tion can be considerable, reaching 103- 1O4 electron volts/
centimeter per particle when the number of particles in a
particular pulse is t4 iO9 "- o' . The considerable
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effectiveness of beam and charged particle clusters with
plasma allows one to expect that it plays a considerable
role in a number of processes which take place In gas
discharges. Apparent2y, this interactloa is responsible
for a number of oscillatory instabilities in plasma, the
establishment of Maxwell ditribution. in the plasma i

the absence of collisions and the alteration of transfer
(diffusion and conducticnS processes in the plasma.

The increased energy of interaction in the movement
of beams or clusters of charged particles through plasma
in comparison with the interaction energy of a single
particle can be utilized in the development of methods for
injecting plasmas into magnetic traps and heating it, as
well as for measuring plasma perameters, its distribution
functions and studying the processes taking place within
It.

In studying the possibilities of vealizIng CTR, It is
most important to investigate conditions accompanying the
appearance and termination of oscillatory instabilities
arising as a result of charged particle-plasita Interactions.

The motion of a beam through a plasma Is unstable in
those oases where the initial turbulences (fleuctuations)
existing either within the beam or plasma tend to increase.
In order for instabilities to arise, there must be a set
of conditions present under which one of the aforementioned
elementary processes will take place (the Cerenkov effect,
or the anomalous or normal Doppler effects). Since ab-
sorption accompanies radiation processes, it is necessary
that the number of particles in the beam releasing energy
into the electromagnetic field exceed the number of par-
ticles absorbing field energy see Note 7 . Finalllj, anotber
necessary coadition for the appearance of instabilities is
the grouping of particles primarily in that phase region in
which the particles release energy into the electromagnetic
field. As radiation conditions for one particle are
fulfilled, the grouping of other particles takes place
automatically in a number of cases. Electromagnetic
fields arising as a resuilt cf particle emission lead to a
grouping process, i.e., to the automodulation of the
beam, while the increased degree of beam modulation gives
rise to increased radiation intensity due to conditions
conducive to coherent er.•ission which appear in the course
of particle grouping .Yo te: this requirement imposes
definite conditLoiis on the unperturbed distribution func-
tion for beam and plesma particles with respect to their
velocity (see below)7.

From the standpoint of quantum theory (reference 3),
the appearance of instabilities indicates that tsere Is a
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greater numrber of induced emission events than absorption
events cUe to the pxedomln.ant occupation of the "upper'
energy lervels (by the ocam particles). For example, for
a free-particle beam, the "upper" levels correspond to
particles of greater velocity. For taiia reason instab-
11ity occurs if the derivative distrib ticn function for
tho beam particles is positive for velocities at w-hich
the partcles interact Intensivelb with the plasma. This
result i.kewise follows from classical considerations.

1) A theoretical Inves i.atlon of the problem invol-
ved in the excitat.Lon oe longitudin&l oscillations by a
charged particle bei cadrried out by A. I. Althiyezer and
the author, as well as by Bohm and Gross (reference 1) con-
fizzed Ohe existeaice of beam -i'&nsta*litiets and showed
that their effect waa particularly great if the orderly
velocity V. of the beam exceeds the thermal velocity of
the plasma electron VV , ie, iA V" : t/im The ele-
mentary process at the basis of this ina'eractlon is the
Cerenkov effect (reference 4) for the case of longitudinal
plasma waves. When A z- -l, the spectrw of excited high-
frequency oscillations is determined by the condilion for
Cerenkov radiation and lies in tne frequency range w =e
^% The rate of instability increase cOofAti in this
case is rather significant

Analogous phenomena take place during the intereation
of two or several beams (reference 5). Thus, for example,
in the case of two electron beams with a Maxwell distri-
bution with respect to the velocity of their ordered
motion (reference 6), there likewise arise instabilities
provided we have the condition IV, 4- h.L where
V and k are, respectively, the orderly-motion velocity
of the beam and the thermal velocity of the electrons.
The rate of increase of these instabilities is relatively
large. With definite ratios between oeam perameters, we

0 have in this case a longitudinal Doppler effect in which
the excitation frequencies are determined by the condition

-.-

Further investigations of the problems of plasma
excitation carried out by 0. V. Gordeyev (reference 7)
have shown that the excitation of low-frequency and ionic
oscillations (in the absence of a magnetic field) takes
;lace provided that zV•j?••.v - VT.. i.e., at consider-



ably lcwer orderly-motion velocities, and, consequently,
significantly smaller ourrents.

Within the last few years, many studies have been
carried out on the interaction of aharged particle beams
and oscillators with plasmas. These studies have resul-"
ted in the discovery cf a large number (about 20) of in-
div~ldual cares of inalrabIlity.

Most of thqee instabilities can be sub-dlvided into
three broad grouPs according to the elementary processes
on which their mechanism is based:

a) instabilities brought about by the Cerenkov eff-
ect in the interaction of electron and ion beams with plas-
ma in a magnetic field.

These instabilities obtain when the orderly velocity
d, of the beam is equal to the phase velocity 4 of the
wave, thus leading to the excitation of low- ano high-
frequency oscillations. Among the lcw frequency oscilla-
tions we might mention ionio-acoustlc oscillations, Altven
waves, and magneto-acoustic waves; among the high-fre-
uency oscillations, .we have the longitudinal electron

fluotuations in a magnetic field.-
fTe excitation of low-frequency oscillations can

likewise be brought about by drift currents in a non-
homogeneous plasma (references 8, 9). In this case, the
role of orderly motion is played by the drift effect, so
that the instability condition is reduced to the require-
men% that VA4a V (where V4¢is the drift velocity).

b) instabilities .occasioned by the anomalous Doppler
effect.

The condition under which this effect arises is re-
duced to the requirement that the velocity of the emitting
particle exceed the phase velocity of the wave in the
plasma (V -. v- ) . Emission frequencies in this case are
defined by the equation w - k, . - or

(where t is the velocity of the emitting particle in the
system in which it is at rest; .,, 4 is tae •roJec-
tion of the wave vector on the direction of beam travel).
In this case, the emission frequency recalculated for the
system in which the beam is at rest coincides with the
resonant beam frequencies, in particular with the Lansmuir
beam frequency We when we have the longitudinal Doppler
effect) or the Larmor frequencies W kw &Ws a rvajw

An important peculiarity of the anomalous Doppler
effect as investigated by V. L. Ginsburg and I. M. Prrnk



(reference 3) consists In the fact tht in the case con-
sidered, emission is accomparied by elevation to a higher
energy level. For this reason, emission can take place
even for unexcited oscillators, including a charged par-
ticle beam moving through a plasma in a magnetic field
without an initial transverse energy. The transition of
freely-moving particles into oscillators and emission
take place at the expense of transverse motion energy.

Ar:jong the Instaoilities occasioned by the anomalous
Doppler effect, we might mention those involving the ex-
citation of ionic-cyolotronic waves in the plasma by
elect-'on and ion beams. The anomalous Doppler effect
likewise leads to the excitation of high-frequency elec-
tron oscillations with frequencies of about o d
4 ÷, although here the increment of oscillation inten-
sification is less than in the case of oscillations set
up by the Cerenkov effect. In all previous cases, the
oscillation frequency in the coordinate system of the beam
was close to the Lainor velocity of the beam particles.
The excitation of plasma oscillations by a high-density
beam can be accompanied by a longitudinal Doppler effect
in which the oscillation frequency in the coordinate
system where the beam is at rest is close to the Langmuir
beam frequency . . The oscillation frequency, in this
case is equal to W !-• i° V.3

c) instabilities occasioned by the normal Doppler
effect.

If an electron moving through a magnetic field has
an initial transverse energy, then the motion of a beam of
such electrons through plasma can be accompanied by the
appearance of bstabilities occasioned by the normal Doppler
effect. An important peculiarity of such instabilities.
is that they arise when the beam velocity Ve4 V+ Lee Note
_7, and in particular, when V.a0. Thus, emission always

UTakes place in the case of the normal Doppler effect. For
this reason, the only condition for instabilities to arise
is a particle arrangement such that a greater number of
the particles are concentrated in the phase region where
they surrender energy to the electra magnetic field than
in the phase region where particles absorb field energy

ee Note '27. The mechanism of such an arrangement is
freated in the papers of A. V. Gaponov (reference 10).
This mechanisml is occasioned by the dependence of particle
oscillation frequency on its energy. Note 1: frequen-
cies emitted in the case of the normal Doppler effect are
given bý W--Vo ! L-.)- rs ._ ZNIote 2: as the result of
the appearance of regular ion motion across the magnetic
field, resonant ("currentless", beamless) heating methods
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.ielie .1ea to the uv)om~- lr both low-frequen-y
and high-frequency electrosta tia Irn.tabilitipýs/

It- the case of the mo~lon of an o~cillator tý-hr~ougi a
spatially non-homcgeneous f'_eld ,.,ith a. frequencyv..'::
the mean oscillator d1.splaiement over a tire which Is
large in corparison with che oac-11lation period dif~fers
irom 0 and depends on the Initiall oscillator phase.
Be~cause of this 'fact, th-?re is a sewlgx%:ýupirng of cs-
*cillators In the wavt- f4 -eld.

Tables -3. L-e c7 conta~.n the basic characteris-
tics of instabilfties occasioned b~i the Cerenko':, and the
anomal~ous and normal Doppler effects. Ligete: Tables I-
Sare of a strictly Illustrative character. They con-
tain data only for the simplest anid most obvious cases.
The appropriate re?±,.-1Qonsh~pS describirng Instab1.litieký in
more general. cases are fouind in the references c.'L ted.
These are the most fundamental studies 1n the fleld known
tzo us, They cover both 1.nle general caes and ttb'cse 1.rn-
eluded in the Tables.7,

2) An examinatl'on of the Tables zhows that insuabi-
lities can arise at reiatively low electron velocities

A reduction of' the electron velocity at wnich the in-
stability arises leads to A reduction of the Ii;witing
current value necessary for the eyit-ation of the instabi-
lity; moreover, it cani be less th~an the liniting current
value necessary for hydrod.-namic instabllit:.es tc ocour.
Let us note, howevc.r, that the limit-Ing current -', deter-
mined not only by the crltical ovderly-jrotion velocitZV,
but also by the dcnsity of the ellectrons partial.pating in
the moti~on. For this reason, a nu.Tnb,:r of instabilities
arisitig at large orderly-inotion veloc-11ties can result at
lower current values, snecuch instabilitites are ex-ited
at relatively low electron densities.

7he increments of in3C~bility intensificattur. lItted
in~the Tables are extl~cmel- largc. ntica c.hi-
4.'ecauenuy inetabilit.1 th.,. intiens-~fC-ýcatlon tii te is or,
the order of 1071 ie~e; t le 2ess for ).nw-fieqoency
Instabil.1ties si'-.cc Lhe Inc :iemjent of irtensYli c-.ticn is
either jess than cr oni the order of' tnc. emi~ssion frequency.
The tiim-e tor' thp eppearance of theie i~iztaib_3 tieFs Is also
tery sic~rt 1-.. 0CK %,cIO' ,ons ) ,howeve~r. If we
assume tkhat \-he irnittaJ enlemy of the osillationE. is on

theordr f' he~a1f'lct~&tonenergies, t~hen the time
in whiob the energy o!' orderly motion can. op converted Into
oacillatorv erergy. astuumes a value on the oraer of 10-S

Sseconds.

The plasma reten*;1on time in a nurmber of cases exceeds
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the ý Diit ~~e ~ TIs ConPI.Xits rthe lraut that
not all of the Iin1abilicXe~s IEte& pla a sigrnifi.cnt
role. Using the increme~nt values.. it. I.S P03aib1l3 to
coraphre the energie.s lost. by Individual nrt;Lcles and
particles moving- in beamsB ani interact~ili. P71th plasmas.
In the la~tter case, the lcasz. ; per' parti.cle are. consider-
ably greater than jr 0-,% foraer dusý to rtoherent beam. inzer-
acticn with thp plaora .ýhcse iuirptarno'ý r'as f.rst pointed
out by V. I.VeIsler- (&refoezencýe 2).

A number of' instabiliti3.6 are caractc-r-16d 'jy a.
discrete freqixer~cy kipectrum,, a) tioueh oontiv.wcuus-spectruzn
instatilittles dc exi~t. The preser(.e of the Satter 2ead
to ai bigalficant absorptio~n of or iery-mation' energy and

cmlcates the developmenat of m~ethods for the e3Aniinaticrn
Of instabýlltit.cs.

It follow.- froii the Tables.. thlat thep ve.locitj dlsLri-
bu-tion In the bealni reduees rise timea z~l conseqjfently
weakens and ever- elimrinates inctabllitieS. In a numvber
of cases, a wide distributici J vof;lociTles 'Leads to ttine
appearanoe of new Instabtlitleb whrnse ritbe IviurnemutAI aiee
not large as a rule, however.' Tnc- instabilities examined
apply to a homogeneous pla sm a focr -.h i ch IV v i VT 7 C
The presence of' iahomogenei ties le"O& tu a cunsiderable
weakening and c~essatlon of :InstabýOlitttbu.,arl
show.,n ir.i the paper by Rudakov and Sagd3YCV (refereice 9),
leads to the appearace of atti3 other laistabili ties.

Let us briefly exaaiýnp h siJ6e0nificance of i,1_tabt.jA-
ties in the op..ration of a st-claratcr.

In devicea of the st.ellarator type, V Vto,~ that
the imcst imrportant irstaluilities here Are those which
aris~e at V, 3 VC i.c-., L0U~ 1 siound in a magngetto field.
Thleie instabillities are characterized~ 3)y a freqtien.y spec-
trumi c.J4 0.-, , and the Increment of instability rise is on
the order of V-

VT-re

(reference 12). SInce instability ocaurs when ry~
the critical value for the durn en~sity .W ,
at which instabilities involved in A1?excitation. O nOWC
so-and muzst appear, is quite small. Thus,, for example,,
in the case of the Model C stellarator., the rtia.c-ur'-
rent value Is equal to 3U-100 amperes/centilneters'.
Low-frequency instabilities are apparently qo-re ir2-
cant In the ease of diffusion processes within the. plasma
Lý,Nt7. /*Note-- the im-portant role of ionic low-

Irrequency osac2Tlat ions within a plasma, inl a miagnetic field
for diffusion processes in a stellarator has been pointed
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ou', tyspitszer (reof'.- eT, 31) The eiacnC

the diffusion coefflclenZ; given In reterence 31 is iuncovi-
vin-cing in, our view,; for the ýor~elative function ceae~se
to hold I.f we are considering diffusion occasioned by un-
stable oscillation-:; if on the other hand., we are con-
sidering dc-Iffusion in a s1Cabili7-ed r~egime, then the deri-
vationi turnsc out to be Indeterminate ' insofa- as lin~ear
theory doce not pemuiit ua to deternninle thle aMIDlitude of
stabilized osclllations. The effect of beam isaii
ties on diffusioni procesnes cant be calculated by a low
non-lin-earity appri.ximatico7

Rroan the standpoInt otA rder].y-rnotion energy losses,
hign-frequency, part1icularly longitudinal, oscillations
ocCasioned by esca 'Ping electronf, play a signif.lca-it rcle.
Instabillt~y, as is known, arises, when6ýt4,'?C (w~he-!- t Is,
the aiLstributlon functiL.n; V. AL" (tts,.e., wh-a the
ni-ým Jc- of partzicle3 With v,~olt -~i> V,ý. exceeds the
rsurnoer of particles .;i t1i \/loiter 4' ~ V4,. Th-& ppa
rance of a regiorn wixth /j~int isrb) Citos
can take place as was showna by A. VGuech(referen-_3

3)in a stellarator upon the appearan~ce cf a ,.urreuit
plateau at which thii. Pi;agn!ýude of the critIcal field
which determines the appeara.-ce of' escaplln. electrons in-
creases: with tire, tinue leading to a reduction of the
ele~,t~ron f~low through the seepage. boundary. The Mi~ow of

esap.n lectr.o-s S 11s connected with. the distribul-ion
fuzi c n i at h .T~r~by the r'elationship

(h e re E_ is t~he electric fie.ld intensity and ~.is itt s
critilcal. "a2 ue). For thiJf3 reason, thLi- reduction of the
escaping electron fijcov with time will lead to the anucar-
arnce of a region wneri ýuoo The instability w-113J
occur if the rise increment TTP j i.s greater
than the pair collision frequency. Fro-M ýl ccnd:' ion,
we caan determiine the iristab"lity rllse time. Dis tequal
to 10i--iO_ý sc,)ne and coincides with exprerimental data
high-frequency oscilliation rqor csin this os se are
about -.IO- tO , This also coincides w!~ch experinentaJ.
data.

3) Usually., in considering, Instabilities I~t is
assumed that the functions of plasma, part-icle d-stribution
with respect to orderly-motion veloc.It.-y ame ofth Maxwe~ll
type; this assumption Is used in. calcilatlng eAC~ited OS-
cillation spectra anid trneir rise increitents.

In the abserce of pair. collisioris in the plasma, the
dlistribution function can be an erbitrary function. of the
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veoi. In ý,Ilew L3 t a have the ir,ýPo.rtunt
probler, of findin~g t ir :;oeeeseay end b~iffficlent condi tions
for the ian ta b11ty tihe arbitrary distriltutior, function
with respec~t to Ihe Odeiil4ationI

Fo~r .lonigituQaXnal CoCIlla1ti~onB in tile rtbsence of exter-
nial fiel.1.df3, iristabil~iq o.)n(itionB 'hAve ý)ý_n found~ by Pen-.
rose (rtferernce 35), Medllng~er frefertrce 34). A. 1. Akhiy-
ezer,. 0. Ya, Lyubars3dy,* ariu R. V. Pojcvill (reference 35).
In reference 35, t~hese intl&Uiltý ariteria are Senerali_
zed for the case o~f a plasma in an external. electric cr
nma~retic V~eld. In the abseric? (-T oiternrd?. field~s,, the
instability' conlitionis have the Ir~cr-i

where Ib(G,)' (" &0Od7 (heref~o% is t.-ne distribution furxcotion;-
1'.L is t& ipn~ua to the wp".c vregj-r 'V , and. 'V. Is
the parsallea. velocity 7j to comporient V,.

The conditions f-C1(&.*)x 0; fvLP. - G mean that
there existm a veioafit range in iwi~h
if the numb',ý-r of perticlee mocving f8stex'
than the wave and thereby 3urrendc riag enix%;y to it e:.,:ceeds
the number of particles zmovIrg alckwer ' t?,a 4Vhe wave aiid
absorbing its en~ergyj, vvhich in tuiiimV to. an inereased
oscillatory amp "It~ u With -t-me,, i.e.. to inetability.

Theo~nitlr4J~-Ž imnJeI -he pv-.EAibiity of propa-
gation within thf!ý p aL of vraves %.ith phase velocities
tr*o5%.V. ..,

The questioai &e t~o the ubarp.cter of' Vi, inst-ability..
is impourtant both in ýhe tn-oret.4.cal ruxtl p-na&ctical realms
~ee Note7. -The insi~abllity is absolute If the initial

pexrturbation I ncre~ases with time in any Mced poin~t in
space. It., on the other hand,. the initial distm'vbanot
.is dispiaced as It increases in the direction of beam
trAvel sc that It decreases with time in every point in
space, then the instability is called convective. In the
case of convective In~stability, the disturbance, not hav-
ing had time to reach high values, can be eliminated from
the asytem. The method foo" separating ab~olute and con-
vective instabilities descri.bed by L. T). Landau and Ye.
M.. Lifshits (referencae 36) is reduced to a consideration
of~ the asymp~totic behavior off the integral #MV ýt* C-uI >(

X t3 as : --w 00 ,describing thd'mo ion of the
wave packet. L!Iote: the system is unstable relative to
small distttrbances proportional to eXý(_ý 4- V* ) if the
dispersien equzation (u)'0 of this system has complex
solutions for W. or I . If 'in a given region where
Is real, the frequency k4 Is complex,, then we may have
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either absolute or convective instability.
If for t--- cc this integral increases without limit,

we are confronted with absolute instabilit•y. If on the
other hand, the integral tends to a limit for t-• o-Q
the instabliIty will be convective.

As is shown in the paper by Sturrock (reference 37),
the interaction of two countercurrent beams is accompanied
by absolute instability; convective instability occurs
when two concurrent parallel beams interact. Absolute
instability in general is present in those cases where
there is feed back.

A study of beam interaction with heated plasma carr-
ied out by the author to ether with V. I. Kurilko and V.
D. Shapiro (reference 38), as well as by Sturrock (refer-
ence 39) has shown that convective instability is present
in this case. The instability of self-focusing electron-
ionic beams turns out to be convective.

In a number of cases it is difficult to establish
whether the oscillations are increasing or diminishing,
since even in those systems which lack a source of energy
to assure the presence of increasing waves, the dispersive
equation admits of increasing solution. Thus, for example,
this happens with the problem involving the penetration of
a high-frequency field into a plasma for frequencies
W40 4 cr in the case of wave propagation in waveguides for
frequencies not exceeding the critical value. In such
cases, using the condition for emission, we retain only

those solutions which correspond to wave diminution. In
the presence of a beam moving through an unbounded sys-
tem there are no standard conditions for emission, so
that in order to distinguish the increasing waves we have
to study the behavior of the turbulence in the form of a
wave packet. Intensification takes place only in those
cases, where the turbulence described by the wave packet
becomes 0 as o -- o in any fixed moment in time V . In
the contrary case, the wave which increases as x -- oa
cannot exist in the system.

As was shown by V. I. Kurilko (reference 40), for
example, in the movement of a plasma through a plasma wave-
guide, complex values for kd correspond to the barrier
effect rather than intensification. If a plasma moves
through a medium with a dielectric constant & in orthogo-
nal electrical and magnetic fields, then forV.>I and
V4, 5/j , complex values for x correspond to real values
forr . But intensification takes place only for V, >

; the case V corresponds to the barrier effect
(reference 41).

Criteria for separation, Intensification, and barring,
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as w•e3 aa a simph E zcthod of distingtishing absolute and
invective instabilities are given in the paper by Sturrock
(reference 37). A confinnation of these -ridter.a and the
limits of their applicability are given by R. V. Polovin
(reference 41).

4) We have just emintned the problemn involved in
the Interaction of unbounded beamt with plarmas. For
this reason, the resulting equations .itY-irUy spcakinZ
aze app2icable not only in tbosen caso e the geomet-
r Ic dimensions of the Cystem L., nnd ,.i are consIderably
greater than the wave length, i.1., i1

In a number of devices and installations these con-
ditions are not 'ulfiiled, wbich gives rise to a consider-
able dVsparlt• between theorttio-i and expe?.mente1J resul-
ts. The difference between a *uordei and urbouded olas-
mnbecomes mvot clear in the s, of magrnetic field.
In such a case, an unboundec pla,-.nz. wil: rint senre as a
propagation medium for slow tranv'rse we.ves, since for
the entire frequency range *. -I- v/olo' "- . This
case, mioreover, affords no possihiMt'r for .*ffeczlve in-
teraction between free particles hrc iaiz Lfl the plasma;
in partlcular, the Cerenkov effe•i. ca i:,ct o;,ccur ?_tee Ncte7
Zote: according to Neufeld and bc'l.; (refeirence" 77) the
Tntera!ition of a beam and piasm in thip, case can be accom-
panied by the excitation of cleoatojragnetin oeci titlns,
since the motion of a separate particle through tl,e plasma
alters the dielectric '-onstant of the ,pam and can reduce
the phase velocity of the wave down to a va.Lue equal to
the particle beam velocity.

If, on the other hand, the plasma ýs bounded in a
radial direction, then despite tne fact. that the value for

in the region occupied by the plasma is as previously
less than one and even negative, the plasma can contain
slow waves. An analogous state of affairs obtains in the
case of a plasma bounded in the direction of wave propaga-
tion, in particular with spatially-periodic plasma. And
in this case case, despite -he fact that dielectric coa-
stants are less than onre or are evenr negative, slow waves
can propagate through the system; furthermore, such a
plasma aesumes the propertiea of an anisotropic medium.

The dispersive properties of a bounded plasma in a
magnetic field determined by the anisotropy and hypotropy
of the medium are combined with wave guide properties
determined by the geometry of the system. This likewise
leads to a strong disparity in the dispersive properties
of bounded and unbounded plasmas. Since the elementary
processes at the basis of plasma-beam interactions are to
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a considerable extent deteni.it-ied by the dispersion of the
system, i.e., by the dependence of the phase velocity on
frequency, it might be expected that conditions for the
appearance of instabilities (in particular, the critical
velocity and beam current), the frequency spectrum, and
rise increments will be altered as we pass from a bounded
to an unbounded plasma.

Results of studies on instabilities arising through
the interaction of bounded beams with plasma show that if
the plasma wave length (q•/ia) becomes comparable with the
beam radius £L , there will be a considerable increase in
the wave length of the wave at which instabilities begin
to arise; there-will be a concomitant decrease in the
value of the increment. Thus, for example, in the case
of electron-ionic beams studied by G. I. Budker (reference
42), the ratio of rise increments for a bounded and un-
bounded plasma equals

"I .•• ( &) •o-- L (J '
W Va

In the excitation of longitudinal' plasma oscillations
by a beam examined by M. F. Gorbatenko (reference 17) and
Sturrock (reference 39), as well as in reference 43, the
liminution of, the increment can reach values on the order
of 5-10. For this reason, the oscillation amplitude de-
creases quite sharply. It is possible to select pera-
meters in such a way that the limiting wave length will
exceed the length of the system. In this case, the part-
icular instabilities involved will not occur. These
peculiarities of bounded beam interaction with plasmas are
of importance in finding methods for eLiminating instabi-
lities.

5) Despite the successes achieved in the theory of
charged particle-plasma interaction, the identification
of new instabilities accompanying this interaction, as well
as the experimental confirmation of ba.ýIc theoretical
conclusions, the theoretical studies so far completed are
as yet insufficient for a comprehensive evaluation of the
role of instabilities in processes taking place in various
types of discharges. This is connected with the fact that
most of the completed studies make it possible only to
determine the spectrum of oscillations are their rise in-
crements. One of the most Important Tharacteristics of
instabilities, namely the oscillatory amplitude, is usually
neglected. Its determination requires a knowledge of the
energy spectrum of the initial fluctuations, the reverse
effect of oscillations on the plasma distribution function
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and be&--. p-rtile trav, I. and an investigation of the
transition from linear to nonlinear Oscillations along
with a determination of" the amplitude of established oscil-.
lations.
I It should be noted that in the case of interaction
under consideration, nonlinear effects occur at relatively
low electrical field amplitudes. The nonlinearity crit-
erion for plasma,wave motions under non-resonant conditions
has the form E. -.

for this reason, nonlinear effects are of considerable
importance in the region of long wave lengths and low
phase velocities. Since in most cases the conditions for
excitation may' be reduced to the requirement that Vo 2 V+
the role of nonlinear effects in the presence of beams is
even greater. It might seem that in the case of ionic
oscillations, nonlinear processes occur only at very large
field intensities. Actually, even at relatively low In-
tensities, nonlinear effects do take place due to the fact
that the ions Interact most strongly with slow waves and
that long wave lengths 7\~ correspond to slow waves for
low-frequenoy ionic osaillations. Thus, for example, for
••10 2 s , the value .t'• 10 volts/centimeter.
The appearance of nonlinear effects is racilitated upon
the attainment of resonance. Thus, in the presence of a
magnetic field the nonltnearity criterion contghs an addi-
tional factor (IuP¼ s 34Q1ree No tg 'Tote the existenceof these nonlinearitips Ts confiLmed experimentally in the
studies of O.'G. Zagorodnov, Ya. D., Faynberg, B. I. Ivanov,
and L. L. Bolotin (reference 44).7

As the amplitude of the excited waves increases,
there appear several nonlinear effects which weaken the
instability (references 45-48). Since the phase velocity,
of a wave depends on its amplitude, an increase in the
latter will disrupt the synchronism between the .beam and
the wave and reduce the effectiveness of the interaction.
This synchronism can likewise be disrupted by decreasing
beam velocity as a result of energy losses for oscillation
excitation. The reverse effect of excited oscillations
on the distribution function of the beam electrons leads
to a state of affairs in which the number of particles
surrendering energy to the wave is reduced while the num-
ber of particles absorbing wave energy increases. This
leads to a leveling of the distribution function in the.
region VW V# and the tenmination of the instability -
(references 48, 45, 46). Nonlinear effects accompanying
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beam-plasma Interacticn likewise increase beam and plasma
temperature even in the absence of pair collision.

The first and third effects are significant for
VT/1JbV' A'/ ; and the second for V[i/v,>; E-o.

These effects are 1JiusUrated in Table 4.
An examination of this table shows that the inclusion

of nonlinear effects in calculations leads to a reduction
of rise increments, the limitation of the orderly-motion
velocity of the beam with a consom1tant limitation on the
decrease in conducl-ivitycr-(r- (a )of the plasma as a result
of the transformation of orderly-motion energy into oscil-
latory energy, as well as an increase in beam temperature.

All of the above results are obtained in a smnall non-
linearity approximation, so that it is necessary to develop
a theory for the case of arbitrary nonlinearity. The con-
ditlon for the existence of arbitrary nonlinear periodic
solutions for the case un~er consideration Is Liven in
reference 50. The .roolem of beam-plasma Interaction In
the case of arbitrar:y nonLlinearity has so far been studied
only from the standpoint of electron and ionic longitudinal
excitations in an established regime. This examination
has made it possible to determine the maximal field inten-
sity amplitude with due regard for thermal motion and maxi-
mem field gradients proportional to the variable plasma
density (see Table 5).

A consideration of Table 5 will show that the ampli-
tude of established oscillations can reach extremely high
values. For example, for a plasma density of Act-- 10A
and V ;•- log , the va-ue -•,A'3Okilovolts/centimeter.
There exists a max!.nlulongitudinal wave field intensity
above which we are confronted with multiple-value solutions
Thus, in the one-dimensional case (without taking ionic
motion into account), there can be no collision waves, so
that the multiple-value of the solution apparently Indica-
tes the presence of counter current particle beams. Table
5 likewise leads to the conclusion that an increase in the
number of beams leads to a reduction of the field intensity
at which the subsequent beam fragmentation occurs. These
effects are important in the development of new methods
for plasma thernalization and the realization of CTR on
the basis of counter current particle beams.

I' Aniother Important problem is the study of the stabili-
ty of large-amplitude longitudinal waves excited by beams.
As was shown by recent studies (references 54, 55), longi-
tudinal oscillations cf large amplitude excited by a mono-
energetic beam are unstable at least in relation to tur-
bulences whose wave length is considerably smaller than
that of stationary osocillations. Likewise instable are
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the nonlin~ear 11-1.~£~ z~3 fcY-J o7 :ft1. e r
excitccý -through the Ivt~toIc* oema p" 1r5as.
Since non-linear proble~as are. 3omplext from th-e zt~~t
al standpoint, the examinat~ion of 'Che tranaltion from~
linearb oscillation~s to n~on-linear, 'che p ne~noeri nt' i~c
tr&3. distritegration ./see Nct.7 rd et 2te~
veatig-ation of~ count~cr aurrent: beamn ardi~t rtr. ay% fi. f t a -
tiori is m~ost conveniently carr-led out with t~nn aid Of~
hig1'i-speed computers. The study of the Pr Cess rVif
In counter current beam fo~rmation and plas-iia t al
tion. at high oscillatory am~plitudes (refereroý.es 56
showa thatC hs a, result. or st±ro ng ateract'-'eri. být..,een tn!.
vid..al plainra layers there arises a Yvelatlve mot-fon ftie

in tur'n 2e.-ds to tkhe tran&3frmcan-ion of the Initi1&I wavf!
energy ln"Co the ererg-r of mottý;n o- the separatc, ~e';
The rela~vaton O~me 1'l thir pocesa is ex enys~mi~ll.
T!hus, foe~ example, (rererence "i6) ifteiria 4c
latc.-y amplitude exceede t~ie Lr.itpa1 ltudiý by 7%,C
then over a period of 10 Lar~gui-r oscill.ai's O.~~Q
the wave miotiton energy is t~r~nAfvrctred Irto eltveoio
en~ergy, U a r'elat'vely zriall mnotion, *-.Lch an ererg o f
appro;ýAiriate.IY 5% of the initial energy o '" oec 1. 1a t c y
rnc~tlor± is imnpressed upon the latter, Itn'1n t~he re'Dixa-AOn*
time cdropci off to a single high-%'requet cY, ocncilation
period. Thus, the mechanism undier cor I sIderation .1a ex-
treme!'.i effec~tive in 'Gran1 'ornriig the. energir of regula
oscil~lator motion ini.,C tnat of- p-lasma partlcle motion.*
,T-ote: These phenomen~a cris in ';.he fact. that new waves
are formned as a resul~t of non-lli.iear Interaction between
osillationr and non-paraile). wave vectors; th~ls. 1:3 accoliýI-
panted by a disasipat4 Vn of the origiaal-c~cilllthon ernergY
over a period on the order of 0- seconds (reference ?7

The above results apply to the case of electron ~i1
lations. Apparently, It is possible to create conditions
under Which analogous processes will also take place for
ionic osci~llations. This instance wbuld Involve an e'y-
tended relative ionic motion wnich might be olt lntero.71, in,
discovering methods for realizing ICTh.

6) Prior to presenting an analysis of the av~ilable
experimental data, let us briefly conrider the question of
possible methods of Inutability out off,, Which is t~ the
greatest Importance In the givoi-i cfAse. Research In this
direction is just beginning, and for this reason tjie con-
siderations given below are primarily cf a q~alitative
o.haracter. Since instabilities in the fina) amoyKsis
arise as a result of the act~ion of Bereral basic elementary
processes., ab well. as particle phasirhG or gm~ipirmg which
in turn leads to a considerable Intensificution of -,ffect2
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due to the co::igruence phenomenon, the elirmirnaton of in-
stabilities must proc-ed through the creation of conditions
under which the corresponding elementariy processes are
impossible and particle phasing and grouping do notcccur.

In order for the Cerenkov and the anomalous Doppler
effects ,;o arise it is necessary that particle or oscil-
lator velocity be greater or equal to the phase velocity
of the wave. For this reason, instability can be elimina-
ted if this condition is violated through the alteration
of wave or particle velocity. Changes in dispersive pro-
perties and, in particular, the phase velocity of the
wave can be achieved by varying the geometry of' a system
(limited beams and plasmas), placing the plasma in a met-
allic Jacket, making use of the dependence of phase velo-
city on amplitude (this effect can be used in limiting
instability autcmatically, since increased amplitude
results in an alteration of the phase velocity and a vio-
lation of synchivnisr, between the field ard besm), or byi
varying the relative concentration of components in the
multi-component (for example, D-T, D-N) plasma.

By changing the phase velocity of the wave, it is
possible to completely eliminate the instability or at
least to significantly alter its freauency spectrum, as
well as to reduce rise increments. By vaxjing the beam
particle velocity, it is possible to violate the condition
that N -- . and to completely eliminate the instability
or to considerably alter the oscillation spectrum. Thus,
if the particle velocity lies in the Interval VTa PYL

• V- , we encounter ionic oscillations. If the par-
ticle velocity Vb 'V , then we have electron osci.lla-
tions, with ionic oscillations totally absent. The beam
velocity can be altered automatfcally in the course of its
retardation. In addition to this, it is possible to ef-
fect a rapid increase in beam velocity during the relaxa-
tion time •€r_ during which the corresponding instabili-
ties have insufficient time to arise. From this stand-
point, the stellerator has considerable drawbacks, since
the velocity of the electron beam in this systeni varies
slowly from Vr-o to .4,, alloving for the gradual appea-
rance of a number of instabilities. The injection of a
plasma with a specified velocity, into the stellarator
leads to a contraction of the instability spectrum and
facilitates the elimination of instabilities.

The violation of conditions allowing for the appear-
ance of elementary Cerenkov a.nd Doppler effects can like-
wise take place due tc non-linear effects in the motion
of particles and osc.Kllators and non-linear effects arising
in the course of way'v- propagation through the plasma. As
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is known 'ereren&..Ž 57), processes at the 'ba3is
of instabilities car be reduced to resonances between
oscillations of' the system proper, in this case the plasma,
end the exciting force which results from the motion of
charged particles and osciltors. In this case, con-
dittons for the appearance o• Cerenkov and Doppler effects
are reduced to those for the appearance .f resonances.
The presence of the aforementioned non-lInear effectEs
leads to a violation of conditions leading to the appear-
anee of resonances, and consequently to the elimination
of instabilities. At the same time, however, we are
faced with the possibility of non-linear resonances which
require further study.

Another possibility for the eliminaticn of instabi-
lities consists in the elimination of conditions for par-
ticle phasing and grouping, which in turn lead to the
appearance of coherence.

Instabilities can be weakened or even eliminated by
the following methods:

1) the creation of artificial dispersion according
to velocity within the beam. For purposes of illustra-
tion, let us compare the rise incrementsS(N-0) in-the
case of plasma excitation by a mono-energetic beam and a
beam with a weak ('Jt• Vo) thermal dispersion CP

as is obvious from these expressions, the presence of
velocity dispersion can result in a considerable reduction
or elimination of the rise increment /fote: it should be
noted that in a number of cases a hie thermal beam velo-
city can lead to the appearance of new instabilities with
small incrementg;

2) prelim~nary beam modulation.
The exponential growth of instabilities depends, as

is known, on the fact that the fields arising as a recult
of the instability increase the degree of particle group-
ing and conccmitant field intenalfication. Preliminary
modulation at a given frequency v/iolates gr"ouping at fre-
quencies different from the modulation frequency. thus
bringing about the elimination of an entiro spectrum of
instabilities. Here it is necessarj to make certain that
coherence conditions . 4% not arise to excite frequenciea,
in the plasma proper. By modulating the beam, it is pos-
sible to eliminate an instability at a specified frequency.
r r this it is sufficient that the modulation wave length

mbe equal to 7)\ z O / _ /see -otL7. It should be poin-
ted out that in eliminating the usu-ali instabilities by
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ircdulation it is pc,,3sibIte, to bring about instabilities
occasioned by param~etric resonances. 3ut since the range
of parametric resonances is small, the existing inhcwmo-
Seneities and collis:.ons In real plasmas w~ll lead to the
elittnlnation thereof. £¶ot1-e: Cs- is the lengthi of the
particle cluster.7j

3)alteration ofL' the geometry of the system. JA
has been pointed out t:boire, the frequency spectrum and rise
increments for bounded and unbounded plasmas diverge
greatly. Fox, this reason.. by altering the geometry of the
system, onie aan alter the instability wave lezngth to
exceed the size of the system, thereby eliminating the

4) reverse action by the excited oscillations on
the distribution function, as a result of' which the number
of' jxrtiazles surrendering energy to the wave will equal
the number of particles absorbing wave energy;

5) exploitat-ion of the no~n-linear character of~ par-
ticle and oscillator motion;

6) alter-ati.on of the phase velocity along the systemn,
so teiat b Lt0. 0 * In actual devices, this con~dition
car. easily be realized by varying the plasma peranmeters
such as the densaity. In a n~umber' Of systems this can be
done aiutomiatica~i.

A -CopArison of E-.-.erimental and Theoretical Data

7) DiXe to t~he cor.1lexity of' the processes Involved
In the interaction of' charged particles with plasma and
the significance o'f non-linear processes arising. in the
course of this Interaction, experimental studies assume
a part~lcularly Important role.

Thie basic alms of experimenters are the detection of
irietabilitiamp the determination of conditions under abi.ah
they arise, the determlnaticn of the frequency spectrum~
of' excited oscillations.. rise incrementz, and relaxation
periods, tne reasiure,,ii'~t of' energy 3oines in regular elec-
tron motion dbue to the excitation~ of oscillations,, and the
determination of the erfects of -i-7stabA.1ities on coniduc-~
tivity arid dtffil'ain In the plasma. An Important task of
experimentero Is 'k.he irivestleation of wuethods for elimina-
ting inutablilities.

Exv~erimental studies of plasma oscillations, as Is
known,, wer* begun3-n 1991l~-19P9 by Langmuir and Penning
(reference 58). Of con~siderable importance in the field
of~ osoi3Alato'y- proZ.essa t~udies in plasma are the irivesti-
gaticna carried ouL in 1~939 by Merrill and Webb (referience
59). The existenice of Instabilities cnctdw.hln-
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tudinal wave excitation in plasma in the interaction of
an electron beam with a homogeneous plasma not contained
in a magnetic field waP- experimentally proved by a number
of researchers in 1957-2958. These same studies involve
the measurement of basic instability characteristics.

We shall consider the general results obtained in
these experiments.

The paper by I. F. Kharchenk:o, R. M. Nikolayev,
Ye. I. Lutsenko, N. S. Pedenko, and the present author
(reference 60) showed that the passage of an initIally
unmodulated electron beam through a Dlasma not contained
in a magnetic field resulted in the appearance of high-
frequency oscillations of frequencies close to the Lang-
muir values. The excitation of oscillations is accom-
panied by beam automodulation. Energy losses per single
beam particle equal ,-]300 electron-volts/centimeter,
while those for a single charged particle in the given
case are just, tQ1- electron-volts/centimeter. Such a
sherp increase in losses is occasioned by the coherenzi
character of beam interaction with plasma as a result fC
its automodulation as it excites plasma oscillations. In
order to eliminate the effects of plasma inhomogeneity in
these experiments, particularly boundar-y layers and the
cathode drop region, the plasma was created by high-fre-
quency discharge, while the electron beam was injected
externally with an energy of ,o -. 70 kiloelectron-volts;
this is considerably in excess of the energy obtained by
an electron in the boundary Debye layer. Initial oscil-
lations were occasioned by fluctuations in both beam and
plasma.

The work of R. A. Demirkhanov, A. K. Gevorkov, A. F.
Popov, et al (reference 62) likewise revealed the excita-
tion of longitudinal oscillations, yielded a value for
the relaxation period, and established the appearance of
excited wave harmonics.

The papers by M. D. Gabovich and L. L. Pasechnik
(reference 63) deal with the special structure of excita-
tion zones and the determination of beam energy losses
as a result of travel through the plasma.

The effect of electromagnetic wave intensification
resulting from the interaction of the beam with longitu-
dinal waves in the plasma was discovered in the experi-
ments of Boyd and Field (reference 64) and V. Ya. Kislov,
Ye. V. Bogdanov, and Z. S. Chernov (references 65. 66).
In these experiments, the init 4.al excitation ;.as induced
by an external source, so that increasing high-frequency
longitudinal waves were excited in the system. tote: the
value of the field rise increment in the space was deter-
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mrineid Alth r t to~ aigia"ne2 et the A-aput and output of
the sytjý

The above experim~ents3 are to some extent in confliot
with those of Looney a~nd Brown (reference 67).wh±oh did
-niot yield the appearanae of' boam instabilities, The
reason for tht~ie 1. in their experimiento Looney and
Brown made use of bet',vi Aith small t-ronevorse dimzensions.
We poirntad out Varlitir that tne c~ca"1latior. rise ±inire-
merit decreases In direct proportion to the bea~m radius,
The theoretically calculated value of tha rise inorement
for the Loonty and Brown experiments is equa1 to ev2.5
cenitimeters" . For this reasons the waye length at
which the beam. was to interact with the pl.azma (l1.5 centi-
meters) had to Increase by a tactor of 10. Sinoe in these
experiments the Initial excitation was detected only by
means of 'fluctuations in the beans and plasma. the oscilla-
tion~ amplitude was small and hard to detect. In all 0 f
the previously mentioned experiments* however, the beam
radius and 4"nteractior± wave length were considerably
greater. The theoretical Iriteeissioiation value in these
experiments amounted tow~. 101410r,

The oscillation rite ±zor'ements detervnined exper'i-
mentally arnd oalculated theoretically ar~e in suf'tioiently
close agreemient (Table 6). Certain discrepancies in the
exper~an.ental data obtained by various author's and theor-
etical values is obse~rved in determirlationo of the relaxa-
tion length for beam-plaama interactions, ioe., the
length at which the energy of regular motion becorre sc08±1.
latory energy. A more preoise comparison of experimental
ai4,L the~oretical data requires more* accuvrate experimenital
measurements 'of velooity distributALons in the beam and
the plaema. ts,'mpez*.tureO since these 'pei'aneterm strongly
effect the relaxation length.

Experiments were carried out In 1959-1960 on the
interaction of ohargei particle beams with plasmae *nclo-
sod in a magnetic fieald ( I1. P. i~aaleohk~o et al, refez'enae
68). These experim.,tte revealed the exoitfation of high-
anid low-frequency omeilZ -stions result."ng both fro'tm modu-
lated and unnodulated beatas. ThL- speotram of e.--icited
high-frequenay osiAllatioris in accr teldepx'ibpd by
the theorezical rm.lattonship 0` +'~. w..LqC~

ea01 Their Intensity is partioularly fireat If for
W4*~'/b ~ Zvi 0 V Low frequency oscilletiorns
are distributed in groups in ranges of terisj hundreds,
and thousands of k'ilocycles per second. Th'ey are diotri-
buted in~ the Ioniio-coy&otroriic and magi~eto hyrdrodynamie
wave re~ions~. Fuar a t.iore precia. determination of the
types of waves *zoi',edp it is necessary to measare their
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wave lerwtn (4) anid to ce~termiinei the? arac cr Cj` .mne
angular dependence c,1 -I(l, trco,-.aEie 'ic f elji.

In Theii~ti'the Interaction oQ' a bcarr, w'Ltch lc
ma in a pulse regtrrie, the exper'imetitor-ý tuccofeded .Ir~ o b-
serving the development of Inst~ab~tiI tio,,; by v'~sual rreanmý'
and In dtex-emining thelirvrise tirriiý due t(% the low frequc'tiicy
of the o~scillat-Icns. For og~cillat.Icris In the i'requenc!y-
ran, e of approxKirmat(AJ, 100 kilocycles/second, the instaii.1-
lityý risze time, arnourif.. to about 5,0 mlcroscconci.:, I.e., to
about 30 oscillationc; (reference /49).

1n adiditiLon to the e~xcitation cofI the afo re m- a o ned
high- arid low-frequency, oscillations, th~e exptoýrimne ritcr's
likewise o,-bserved the excitation of' pax'ametrIc csc.]Llat.on,,:
In the modulated beam.

The following ir apparent. from Table 6:
3) most of' the Ins tab.1 Ities conside'red abcv'- have

Uy aiow been observed experiment-ally;
~)the basic Instability characterlstIcs (exc-Itat.1-n

condttiono, rise incremnent, frequen,ýy zspec~tra, relaxa~tion
lengths), detevamlned experimentally are, In most cases
closfw to tho theoretti.cal valurŽs;

3) the developmerct of Inst-abilities Is acccmpaniled
by thc appearance of' osciJllatlonri and a nonsirierciblý redk~c-
tion of the regular-motion one-rgy? of the beam. -Ever, In
the case of' a rar'ef'ied plastra (n-e ib") # the lczsszs amount,
to approximately 100 elect~ron volts/centimet-er per- particle.;

i1) the devclopme~nt in i-astllatilitles likewi-se le~ads
to a (2onsideraule iný.r~easn in the plasma clectror' negy
Thus, f'or examnple, this energy rcached values oin the o~rder
of 10-2C kiloe~lectron-volts In ezper'ir~ents- Involving, beamn-
plasm,, interaction !a a magnetic f'ie~d (rei'ereneep "_8);

5)the. development of Instabiltt les is accoempanlcd.
bý ccanslderable Increase In the Ionic and elezctron nur-
renta perpendicular to the miagnetic field.

Thus., all of the 'dangrious"r1, 'I 1~qere of Instabi-
litiez3 have teeni establishled expr-rimernta.ly.

At, t~he sare ttime, thr c ted xper me-nt~f~ ocon~ix
the pocsibility of e .1r, 1 Lnl na t **. n I r - it ih)it;11t t n. TthI)S , forI
examplec, b-ýarm, modulati~or. 1ý-ads t(., the elimination ofl an
ent ire Elpeitnrurn (D irintzbil-.iesP, due ux the Lac,,t 1trat a
inodulatcd beaas car. excl.tek osclllatlonr, in the 3y-ýtein riot
coincidlng with the, resonance wave 3engtlh. B~eam arnd
plasma m~odulation leads~ to 1;.he app.earance of param-etric
instabi-l tin's. However,, sinc~e the width of' excitation
regions is extremely 3rnall, the density inhorlopreeri tips
In triei plasma lead to the eliminatlon of' thrise Instab~il-
tics. The elimination of' a numbe~r of Instabilities Is
achieved even with a rclatively minor scatt,ýerlnol of ve-]c,-
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cities withIn the beam. The rise increment ia highly
dependent on the geomnetry o' the system, i.e., on the team
and plasma radius, so that instabilities cun albo be eli-
minated when. defini •, ratios between their peramaeters pre-
vail. Finally a number .f experiments nave shown that
increases in tho e anpl.itude of excited waves result in the
appea2crnce of non-li.eer effects wnich limit the develop-
ment of instabilities,

The further study of the instabilities considered
above and ways of eliminating them will require experi-
ments in which the plasma density is infrear*ed to values
oV n to's 4 , O' , with the degree of plasma ionizat1on
r-aised to 50-100%. In addition to this, it is necessary
wo significantly increase the electron current up to
values of I: t•-- P 0-- o3 . This can be done most con-
veniently by using plasma forvied bV a powerful hiCh-fre-
quency discharge cesium plasma, and plasma formed in a
linear betatron. It is likewise nececaary to carry out
experiments in wnich the effects of excited oscillations
on conductivity and diffusion in high-frequency plasma
would be determined directly.

We have been considering experiments in which the
interaction between beams and plasmas was studied in
specially-constrlucted experimental set ups designed for
studying this process in its "pure" form, uncomplicated
by other influences.

Of the experiments cn beam-plasma interaction carried
out directly In crR installations, we should mention the
work of Bernstein et al (reference 73), Ellis et al
(reference 74). The most significant result of this work
has been the confivTnation of the fact that instabilities
can arise in stellanators at currents considerably smaller
than the critical cvrrents which give rise to magneto
hydrodynamic instability. These instabilities are accom-
panied by an increased high-frequency noise level which
is-considerably in excess of the "thermal" noise level.
Also observed was the emission of high-frequency oscilla-
tions in the lOOOO-70,000 megacycle/second frequencý
range corresponding to the freovenc-y of Langmuir oscilla-
tionu. By measurements of Roecitgen emlszion it has been
established that instability is accompanited by the appear-
ance of high-energy electrons (up to 3 million electmmn
volts). As was shown in the xecent studies carried out
by Ellis et al (rcf,*,'ence 74), instabilities appear in
those cases where there arc proper conditions for the for-
mation of a significant number of escaping electrons. In
order for electron to schteve this state, the energy it
must acquire during free -flight period must be comparable
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abzxýve experimenets I tza.r neci.cu to be: equD 1l to 1 .- O 02
Upcn attaining thesec values, the curxrentl la tk-he st-el lar&-
tor is sharply reduced deepite tnie inre'rasee olectric
f ield. This redacotion is explained by the Pf.1ý: tt
elektron,.- b.se energy~ -4a 'he Course oa'oct2L.1'tory - ta
tion. 'rkh Itime durin. whiich the cuant-Iy -f aeY
aritical valule an~d the currant is re~d-aeed sarply equ-il
apprximately'~O2 -0 mi roecondL. The Wbc've ej-
perimeri~a conf'irmthe ro.'e or' high f'x'equenc/ -styi

*in, the operat.-.or of' a wstellarator. AtC th-e~prement tixr.e
ho-oeit i,ý ditf ficult to eavluate t1he, slgd Lf'Lancfl P

hiah-f requency oscill2atiorne focr' playn~a d. f-,aior 1, t-6'
*ste&U2arator 4see Xote7. One~ of the drawb'ael-.c-L ' of

experi-mentB aornsisteZ( in the fact- tha-t they di In T-
'iude a sit-7d- of' the ocllat-crn apectrum, an~d P. -- e
tion off these oso ilia tl-'ý7s with aonidt ic-,ns cot't iuc'lvtE
Une appeý.-rance of i.nstabi2ttea. We iwust. bearý mlz
that nmof~i of the excited frec-vnc~ arrý rr'elIaed a.
simp&l way to the nm~mber cf ec,-ap.iri electrkc'n.:. `1h eS

-u e nc -! e s (!qV. I-'ý "6 '4 t.. - , Winere U)- I: th e
freqt~ency of tonioc Lenj~m.ir Isc.I .tt~ ~ ne
LangyurLiI plasma f reqiiearcy for thie rest st.18te; .. ncd A.
the ILangmuir -Ifreq~uorky -of the n~ov~ng 6l~r 40ots -. 3 W-
f re v, n a y s -c a t,--111t ie s rnuzt b e of g kre aT, s 1.gn lI o- n r'!e
dif'ft:slof In the atellaratcor7.

8) Urtiti th-e p'resent Time matof .he Ytentl. on
atudies o!' beanm-particle interaction waa centwei~d aboutt
the eyeitation of cr~a~ii~ onstituting oile of tire
imainr' cbstaclen In Ofe prt o'e-alzIns MR. it Is
rneeessar; to note, 1I ~ever, tlhat- tlh. indt~cated intfract:Icn
s inqu Itaneouely leade 116o an. intensive "coill ionles~i" enrgcy
ex-,hange between the charged particles aad planaaia the~eb)y
playing a favoratle role. It would be InterestlnG to Con-
eider theoreticall-v and experimentally the problem ef
using this interaction f'or plasma th~rrialization. As a %'
pointed out above, In the interact.1on. off electron lbeem,-
wita plasma, the energy of regular eleatron rno-ioti o,4e a
very zhofot period o1P timne (-j ýO.' -16 to' ~nt can Pe Cn
verted into longitudinal waev energy, As tile arroltde
of' these waves increaeseB, there may arise a re~at i'e elec-
tron-plasma Ion nmotdJc-ro of lar,ýe relative velocity. 111i1s
relative motion can also take place In th'e development of'
instabilities 000a31cnled by transverse inotio 'n -(a p. _fcor
example "ncier ocndition.s of' (:yclotzronic cmn.j

The interaction considere'd al)-ows atri etffectivý,- trsais-
fer of energy ICrom the el.ectron beams to the p2aý-a ions.
For thiis purpose., ti"Ae diaierioný, of' the eectr'on .sc~
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or t~he ::.3u~i& a&e u .Ž eecESi& to
satisf'y the coher-;;nrce :C,-* tiur1J~on for lc L~c oclationij
and not for ect'iosci~latloris. rnis requires that-

4 0-e- ' e-?ý L- Uder L:hese corndltionz. as d'~qtincýt fr(6tr
patr-in".teraction, eilectroris -will yic,2d mcst of' tne&lr
energ-, to the ion,.

It is likewise possible to wor:k ou-t rethlods rof -19n
Jectling charged part-idlea into plasma based on trvý. fact
that coherent losses of' energy as the latter move thro.rr~h
the plasina can attain extremely high valiues (100-1.000 elec-
tron vol ts/centire ter).-

Thus, beam-plasna iriteraotion can be used for both
the injection and t1t-: ýeatlng of the latter. The basic:
diffficulty here is t-hat this interactioas allows f'or
considerable d~l'fusiion. It shouJ'd be ncted, however~
that there appar'eatlý, exist a numrber of' tylý of 1*ritaoi-
lities such as 2ongitudinai1 plasma oscillaltiozis wrich In-
volve large bearm-plasma energy exchanges but do not direc-.
tly increase diif'Usiofl.

.The considerations adduced above cannot bp col&siderad
fully conf'izved at thie present time; it is our opinicn,
however, that they ought to be investigated.

The In~teraction of charged particle beams with P1asmas
is likewinie of interest from the standpoint of' plasma diag--
ncstics. It aj.2ows irot only the determination of plasma
density, but also the frequency of' pair collisions ½.1 tile
plasmna anid the function of' electron and ion distribiition
within the plasma with r-espect to velocity. Since in
th13 type Cl' LIteraction the oscillations rise exponenn-
tially aad appear at a tine wnen the rise 1ricrernent exceeds
the frequericy ofP pair aollislo.,'s,, the measurement. of' col-
11sion froquency on uhe loasls of' the instability4 excita-
tion threshcold constitutes a ve-.y sensitive met'hodA Indeed.

Revereing the dispersi"on equation, it is pocdIble tD
obtain, relationships connecti ng '" (v)wlt-h 4L-he phase and
group velocities of' waves propa.ý,&ti~ng throiigh the pLarsira,
and t'hpir c~se increliients (referonce i5). Thua, mneasur-
Inig ti"e dependence ol' ph-ase velo.Aty and rise L-icremE~nt
on freque~ncy, iz is pc~beto Cdete-m~iire the distribution
fuAnatton for pla~mna r'~rtic>-..

Der-pite. t' e Jlmnp~rtanc, cf' *(,-estigat-n.- tl-, above
pro~blerns,9 the qus~~of ~.it ,inst;abilLt~ies appa-
renitly Eti.>~ reý,airn.; tr:r- -moL-t. timel~y and dltiAficujlt task.
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1Z1DrLeesione~.ýd -in- the ZPrSent Artjicl

i oal's-- Langmuir frequency of plasma electrons;

I�-Z Langmuir frequency of plasma ions;

-- Frequency;

Langmuir frequency of electrons;
Langmuir frequency of ions;

-~Rise increment;
Skit, Rise increment of the wave with wave vector k;:

-- Width of the resonance curve (Roo)
V# Phase velocity of the wave in the direction of

beam travel;
m- Projection of the wave vector on the direotion,

,V4 of beam travel;
"U "" Projeotion of the wave vector along the con-

stant magnetic field;
k- ""Projection of the wave vector perpendicular to'

the constant magnetic field;
-- Wave number;
m Rise increment in space;

-V Regularized beam velocity;
m Velocity of regularized motion in a direction

perpendicular to the constant magnetic field;
m Thermal velocity of electrons or tons;
-- Drift velocity;V VA -- Alfven velocity;
m- Plasma density;

t-- Ionic background tensity;
m- Density of electrons not captured by the wave;

m•n Number of particles in cluster;
Temperature-of electrons or ions (given in erg•
in the tables);

19. T, -- Temperature of plasma electrons for two (here,
k is the Boltzmann constant);

Q@• 0• -- Temperature of beam electrons perpendicular anA
parallel to the direction of beam travel, res-
pectively;

tAG.L Variation of transverse beam telperature;
mm Intensity of constant electric fieldl
m Amplitude of the field of the waveoorrespondin*j

to a given value of the wave vector k;
Field intensity at which beam fragmentation in;
the plasma begins;

m- Uleotrio -feld intensity;
ear ism Critical value of electric field intensIty( !.o/,

mm - Ouentus across and along the magnetic field;
I .... e Angle_ between the d1irection -of.. the constant._
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magnetic &Ld e the~ dir~eatior of w'ave pro-
paation;

g.-Condt z t ivity;
Refractive index;

r- oGamma.'function,
N-.Debye rndius;

Particle energy;
-E soaping eleatron streamu;

c)-.- Radius of plas~ma rod;
). Wavelength in vacuum;
-- Ratio of electron and Ion masses;

T La~or radius for Ions;
a.~. ,geometric dimensions of the system;
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A Instability oooasionod by anomalous Doppler effeot;
B = Type of oscillations;
C Excitation conditions;
D = Frequency spectrum;
E Rise increments;
F = Numerical example;
G References;
E Instability of transverse waves in electron beam;
I Longitudinal waves (two beams);
J = ongitudinal electron-ion oscillations (plasma elec-

trons form a beam);
K = Longitudinal oscillations (plasma electrons form beam);
L*:: Ionic-cyclotronic oscillations excited by electron

beam;
M = ionic-cyolotronic oscillations ercited by ion beam;
N = Plasma oscillations across magnetic field excited by

electron beam;
0 = longitudinal electron oscillations exoited by elec-

tron beam;
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A = Instability ocoasioned by normal Doppler effect;
B = Type of instability;
0 = Excitation conditions;
D = Frequencies;
E = Rise increment;
F = Example;
G = References;
H = Instability of oscillator electron beam;
I = Instability of transverse waves interacting with

relativistic oscillator stream;
J = Instability.of ionic oscillator beam;
K = Excitation of longitudinal oscillations in plasma by

electron oscillator beam.
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A = Nonlinear effects in beam-plasma interactions;
B = Type of intsractior;
C = Beam retardation;
D = Temperature rise;
E = Relaxation time;
F = increment;
G = References;
H = Electron beam in ionic plasma;
I = Monoenergettc beam in plasma;
S= Ionic-sonic oscillations (monochromatic wave);
K = High-frequency electron beam-plasma oscillations;
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jIablge 6

A = Oomparlson of thecretioal and experimpntal values for
rise increments and relaxation lengths;

B = Type of oscillation;
C = Frequency;
D = Rise increment;
E = Experiment;
P = Theory;
G = Relaxation length;
H = Experiment;
I = Theory;
J = References;
K = Intensification of longitudinal waves in beam by

plasma;
L = Excitation of longitudinal waves in plasma by beam;
M = Intensification of longitudinal waves in beam by

plasma;
N = Excitation of longitudinal waves in plasma by beam;
0 = Beam diffusion at plasma oscillations;
P = High-frequency oscillations in magnetic field;
Q = Low-frequency oscillations in magnetic field;
R = High-frequency oscillations in magnetic field;
S = Same as (R) above;
T = Low-frequency ion oscillations;
U = Higb-frequency oscillations in magnetic field;
V = The author is grateful to D. Vinter for the oppor-

tunity to acquaint himself with this work.
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MAGNETIC TRAPS WITH CUSPED FIELDS

•ollowing is the translation of an
article by S. Yu. Iuk'yanov and I. M.
Todgornyy in Atomnaya Energlya (Atomic
Energy), volume 11, # , OtMer 1961,
pps. 336-344.j

Introduction

In the search for systems suitable for the experi-
mental realization of thermo-nuclear synthesis, there
have been several installations of extreme interest from
the standpoint of originality and engineering ingenuity.
Seeking to find a fintl or penultimate solution to a
most difficult techn:,al problem, physicists have been
obliged to construct systems on a very large scale capable
of achieving a high state of vacuum and producing magne-
tic fields in complex configurations. Such installations
as the "Ogi"al, "Zelta", or the stellarator serve as clear
testimcny of the trends followed in the construction of
such devices.

Unfortunately, the real properties of heated plasma
are considerably more complex than is pictured in ideal-
ized representations. They exhibit various types of
irregularities which have been detected Just recently in
magnetic traps with plugs and toroidal systems with longi-
tudinal magnetic fields. This makes quite clear the
re-awakened interest in traps with magnetic fields increa-
sing toward the periphery, which, at ]east in principle,
are free from certain of the ioregularitles. Another
advantage of these traps Is the absence of a magnetic
field in the central region, i.e., in the area of maxi-
mum plasma concentration. This leads to a situation
where magnetic radiation losses become Insignificant.
There is little need for placing special empnasis on this
fact with the present level of our knowledge, however.
We are still very far from attaining conditions under
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which magnetic rac lation ILosses are a serious obstacle in
the construction of a theimonuclemr generator.

Quite naturally the aforementioned advantages are not
secured free of charge. A trap with an incl-easing mragne-
tic field turns out to be extremely full of holes. .n
addition to the possible loss of particlez through the
floods near the access of the system, traps of this type
have an annular magneti.c crack in their equatorial plane
of symmetry. (It is assumed that the trap is axially
symmetric and is made up of 2 spools facing one another,
i.e., constitutes a magnetic quadropole.)

As has been the case in almost all of the main
researeh trends concerned with the problems of directed
synthesis, the first ideas and suppositions were expres-
sed both in the Soviet Union and abroad completely Inde-
pendently and practically at the same time. The gener-
al properties of magnetic systems in which the upper
boundary of the plasma is convex were established by
L. A. Artsimovich and E. Teller. Just prior to the
Second International Conference on the Feaceful Uses of
Atomic Energy (Geneva, 1958), 0. B. Firsov (reference 1)
of the Soviet Union, and Grad, Berkowlch, and others
(reference 2) from ths west, had already examined the
process of plasma leairge from the region bounded by the
Increasing field. In particular, 0. B. Firsov proposed
the idea of the diffusive expansion of the magnetic fis-
sure so cnaracteristic of this type of trap. At the
same time, discussions were held at the Atomic Energy
Institute of the USSR Academy of Sciences to consider the
experimental possibilities of constructing a small stat-
ionary trap of this type; these talks were followed by
the first experiments (references 3, 7). This same
perlod saw the appearance of papers dealing with the pas-
sage of plasma clots through magnetic fields of various
configuzations, including fields of increasing intensity
toward the periphery (reference 4), as well as articles
concerned with the behavior of weakly-ionized plasmas in
such fields (reference 5). On the whole, however, deve-
lopments in this field were rather slow in coming and the
aforementioned re-awakening of interest in traps with
cusped fields has taken place Just within the last 1 or 2
years. It was during this time that American and Soviet
periodicals published about 10 articles dealing with the
behavior of plasmas in such setups (references 6-16).
Nevertheless, the accretion of data so far obtained is
quite small, with many problems requiring further de-
tailed investigation, so that a logical presentation of
the accumulated experimental information presents serious
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difficulties.
We shall make use of the following outline in the

presentation of our material: first., we shall examine the
qualitative picture of plasma behavior in a trap, then
proceeding to discuss the basic experimental facts, con-
cluding with a few remarks concerning possible future
research trends.

Plasma Behavior in A Cusped-Field Trap

Let a magnetic system be made up of 2 coaxial coils
aligned in a face to face configuration (figure 1); then
in the neighborhood of the null field point, the magnetic
field components will increase liniarly with the co-ordin-
ate:

Let us suppose that with the aid of some unknown
mechanism, a hot and hIghly conductive plasma is briefly
introduced precisely into the center of the trap where
H a 0. T11he plasma then pushes the lines of force apart
and fills in the weak field region. This gives rise to
a central region free of any field and a compressed field
region without any plasma (figure 2a,b). A pressure
balance is established at the plasma boundar-y, correspon-
ding currents flew along the plasma surface, and the dia-
magnetic plasma formation has an unchanging, stable form.
At this initial moment of time, plasma leakage takes
place through an annular magnetic fissure of width 4e,
here et is larmor radius for electrons in the area of the
fissure. Simultaneously with plasma leakage, however,
there begins yet another process in which the plasma
gradually starts to diffuse into the field and the field
gradually enters the plasma; this is a mutual interpene-
tration of plasma and field. This process can also be
characterized as an expansion of the magnetic fissure.
According to the laws oL diffusion, the increase in the
size of the fissure is very rapid at first, but slows
down gradually (figure 2c,d). Penetrating into the
transition layer, the plasma escapes from the trap through
the expanded annular fissure, moving along the force field
lines. As a result of quasi-neutrality, the leakage of
plasma in this direction proceeds at ionic rates. At the
boundary between the "pure" plasma and the transition
layer there is a pressure equilibrium, and the plasma is
ejected from the trap like toothpaste from a tube. It
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turns out that if reure quilbrium does indeed exs•
the rate of fissure (or transitioný layer" expansion is in-
dependent of the magnetic field and is equal to the skin
layer formation rate.

In order to understand what follows, it must be
noted that tne debye screning radius at the plasma boun-
dary ia much Less than The la:cnor icnic radius. For this.,
reason, ,ýbe formation of' a transitton layer, wihich takes
place a3 a result of eletron-ionic collisions starts at
the layer whose thickness at the first moment is equal to
the lanmor electron dia~meter. Speaking pictorially,
mobile electrons strdve to escape from the trap along the
lines of force (through the fissures) but are held back
by slow ions. It would seem that the field would be
traversed in a tran1verde direction by ions wIth large
larmcr radii, but these are held back Dy electrons.

Within the framework of this qualitative picture it
is possible to determine the dependence of the time of
plasma seepage from the trap on the characteristic aize of
the system R, the magnitude of the magnetic field H, and
the initial plasma energy W, as well as to investigate
the character of plasma density variation with time.

Appropriate calculations (reference 16) show that the
time of plasma life within the trap under these conditions
is approximately proportional to the expression 4P./vA)V,
slowly Lacreasing with the initial energy of the plasma
formation and practically independent of plasma tempera-
ture.

To find the dependence of plasma density on time, it
is necessary to solve an equation of the form

cN

where N ai the total number of particles in a field-free
region; n is the pla,-rna density; krý is the ionic velocitv
and S is the magnetic fissure area. Taking the classical
expression for the diffusion coeffi.ient and noting that
N o nV where V is the variable volume of the compressed
plasma, and making use of the condition that the plasma
and field pressures are equal, it is possible to find the
solution to the above equation. Figure 3 depicts the
variation of plasma terperature with time. The salient
feature of the solution iS the fact that the plasma es--
capes from the trap within a definite time, and not that
density decreases according to an expanential law.

Of course, everything said so far hardly describes
the actual procebses whlch take place in a trap. The
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fact of the matter is that the behavior of plasma in such
a trap, its stability, length of life, ate., are all
closely bound up w!th the method of plasma injection.

Almost all re-earchers coi •cerned with cusped-field
traps make use of so:e variatiLon of electro-dynamio injec-
tors in zheir work. Various types of injectors vary eig..
nifi-antiy with respect to intensity, the rate of motion
of the plasma clot, and t.nme of operation. There is no
such thing is an ideal injector, however, which could
introduce extremely hot plasma into the trap within a
very-short period of time. For this reason, in penetra-
ting the magnetic barrier under actual working ccnd-Itons,
the :lasma alreadf partially minglea with the field (fig-
ure ). The dep h of field penetration into the plasmas
the magnitude of the magnetic stream cauglt up by the
plasma and "frozen" into it are dependent on plasm.i tem-
perature, the rate of its motion, and the magnituta of the
magnetic barrier. We must note 2 conditions which accom-
pany the filling of the trap with plasma. In the first
place, the filling process proceeds simultaneously with
the expansion of the magnetic fissure and plasma diffusion
in all directions. In other words, plasma density in-
creases as the plasma seeps off. In the second place, the
presence of a macroscopic current flowing along the peri-
pher'y of the plasma clot being injected acts to displace
the cente' of the system (the point of' nul3 field in a
vacuum) somewhat.

The process of field-free plasma seepage from the
trap (if such plasma doe,: indeed exist) is again descri-
bed by equation (1) but with an additional tern which
depends on time and takes the action of the injector into
account. The seepage time in this case is finite.Let us now assume that by the end of the injecticn
process there will be a certain volume within the trap
filled with field-mixed plasma. Let us also assume that"pure" plasma constitutes a small portion thereof. Then
the process of trap emptying is best described with the
aid of a model wltn a constant volume and a fissure of
constant width. Let us recall that the fissure width
increases rapidly during the initial stages, and, conse-
quently, having reached sigrificanc proportions by the
time of the injection, continues to increase in size quite
slowly. In the central portion of the weak field, the
ions are as formerly unrnagnetized, so that their movement
from one edge of the fissure to the other proceeds with-
out the conservation of magnetic moment. Plasma seepage
as formerly takes place along the lines of force at an
ionic rate but without additional pressure applied by a
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magnatic field. Tn suha triodel.. the 11aria tionl of' plasma.
density with time eav 1be written as

where'r 19 the -Oh~rsateristia, seepage timae (figure 5).

the value C'r is given by the- -euatirdn

wherd in the fiarure width# and the rest of the symnbols
I'd defined above.

Hlence, regardless of' t-he conc'rete model considered$
teplasma in traps with cusped-fields will be concaatv-m

ted In the central reg~tcr. Plagrna seepage Muat takce
p~lace through the aninular magnet~c fiessure~. The time o!'
plasma escape from the trap can be .detexmined. for twý
boundary cases. in the asodel 4.1th "Pore"1 p~lasma.. the
seepage time turns out to be finite.

Basic 1'xperimntal Data.

Table I. contains .t listing of the sizes and rmagimum
values for the magnetto field fin the region of the caag.
netiocfissure) for a nur~ber of oomplstedi setups. In all1
syrtems with the exoeption of' that of Watteau.. the plasmra
is introduced -into the~ trap along the axis of syr~xne try
with the aid of an electro-dynamic injec~tor of some type.
The directed velocity of the plasma clot lies within the
limits of (0.7-1.1).107 centime ters/seoorid. -in the Wat-
teau /i-efevence 97 metup,*the variable miagnetic field
with a period oA m1 ici roseconds and an amplitude as I.n-
di~cated in Table I was applicd to a direct self-constric-
ting charge with a curnunt iut~ensity of' 15 kiloampierea.

11houum oonlitioris were cornprab3.e in all cases. I'llt ra -
high vacuum techniques were not employed.

A number of methods were employed in the study of
plasa behavicr in the trap. Poorpi ehius
including high speed photogrmphy were used to obtain pho-
tographe of the plat'na in- the traps at various moments of'
time. "Me use ot electricoal probes of various types madie
it possible to deter-mine plasma lensity as it varied in
time and its topography. tsgnet46.c probes were azaplaye~d
to study the prooes of field displacem'ent (or oapture)
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in the plasma and -cr dceterutrning the currents fClowing
through the injected plasma olots. .a.orimetric methods
made it possible Lo deteprnine the spatial picture cf plas-
ma seepage from the central regions of the trap. Soec-
troscopic techniques were employed quiLe sparingly. This
war partially due to the low intensity of !uminescence
from the plasma un~er the given cotidilIcns.

Let us first consider the experimental data confir-
ming the capture of plasma clots in traps and tne problem
of plasma life. Figure 6 shows oscillograms of ionic
saturation current on an electric probe placed in the
central region obtain<•d in the "Orekh" (reference 16).
Assuming constant plasma temperature, these curves iindl-
cate the variation of its density with time. The dis-
charge in the injector circuit is cut off with thE: aid of
a special discharger following the first semi-perird;
thus, the duration of the entire cycle is about 3 nicro-
seconds. As may be seen fmmm the osciýlograris, plasma
density reaches a maximum value after the current iF c,)t
off in the injector cilrcuit. The process of density
decrease is stretched out over many tens of microseconas.
It is interesting to note that thi characteristic seepage
time turns out to be practically independent of the stren-
gth of the magnetic field. Figure 7 illustrates this
contention with the aid of data obtained with the same
trap.

Plasma lifetimes as measured with other setups turn
out to be on the seme order and lie within limits ranging
from p7- .4
microseconds in reference (9) up to -X.00 microseconas
in reference (12). Another factor to be taken into con-
sideration in the letter case is the extremely long dura-
tion of the injection procese (--ISO microseconds),
making it difficult to. distinguish the trap filling stage
from the leakage sta.Pe. Another comp]1etjng factor In
this particular expeilnient is secondary ionic einssion
from. the walls of the system wnich supplies slow ions to
the central region and lengthens the plasma disintegration
process.

The process cf plasma formation and disintegration
can likewise be observed through variations in its lumin-
escence, registering the intensity with the aid of a
photoelectric pickup. The results of photoelectric
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measurements are in aere,!rnent with data obtUained with the
aid of probe techniciucs.

The experiment ir. reference 11 involved the use of
high-speed mo *tion picture photography for observing the
course of the process. The resulting films make it pos-
sible to follow both the penetration of the- plasma through
the magnetic barrier and its subsequent behavior within
the trap. In this case$ the plasma life time ,tas likewise
on the order of tens-of microseconds.

In surmmary it mnight be said thait the combination of
probe, ptiotoelectrio and phctograpkiic obser'vations is
sufficiently convincing testimony of plasma clot capture
in lthe trap. The char3-cteristic plasma lifetimes turn.
oldt tc be rather discouraging., however; they are quite
close to flythrough times. This is not surprising; as
haa already been stated, in traps with cusped fleldu the
plasma can escape through fissa~.res without being retarded
by coll.ision~s between particles.

Quantitative conia~arisons of' experimental data with
the above estimates arý, aoi' orse of a prelinminaryj charac-
ter. l~et us nevertheless cite a'few figureri. For the
"O1rekch" setup (in a typiza2. range),, the d.1splaced-field
model' yields a comp.lete escape ti-me on the order of 20
micruseccinds. The oonstant-voluxne miode! on the other
hand gives a -characteristic escape time (i.e., the t;2'&rne
It takes for the cortn ent'mtion to reach W.e of its initial
value) oil the order off 80 micro~seconds. We thus have a
reasenable "branching" of the estimated valuas.

The penetra~tion of field into plasma durtng the In-
Jec'tion nvocessi was di-.3-overed from an aý_alys1.s of mag-
rer..-c probe date. ý-uz 'informatiot, is contained In a
ruirmber o.L- papers (rel'erances 8., 12, 16). The ccrietancj
of p3.asvna lifetime observed 1n, experiments (see fig-re 7)
with variations In magnetic f~eJ~d intensity over wide
limits also testifies In favor of the stapposition that
there is a strong Intermingling of field and plasma under
the given cocaditions. Lt-t u% likewise note that tht
extremely short lifetima obsenrve-c by Scott and Wenzel
(referencer 3) In their eixper."ment ecincides with tnfý *,Ma,.l
transverae dimenstouts off thel:- trap.

Let us n-ow consider the prot,,lcms of t1he spatial. dis--
tribution of plasma in the trap. Figure 8 represents a
photograph of' plasma obtained d~uring t~l ccioression of a
.puised dlscharge by cusped fields (refer~.yxce 9). The
flattened shape of t~he p~asma formation locali.-ed in the
medial plane of the sy3Lcm stands out quite clearly In
this photograph. 'Phis same cý,nclusion can be drawn from
an examination of the mo-ýAon pictlire still included in
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arti.ic II.tQu or ,-, t."pogr j :.n a
cus-ed-field trap aCoordln& tc, the mesurenments of Jcens-
gen-and others (reference 12) are presented in figure 9.
As is apparent farm the graphs, the plasma is more and
rmore c~on3tricted tmrd1rcs the axis as ;ve move away from the
cencral plare of the r-sten. The curves of radial plasma
Aensity distribution in relative units were obtained by
integrating signals from electrical probes of special
desi&n.

In accordance with the above supposilton3• plasma
leakage from the trap must take place largely through the
annular mnagnetic fissuare i"n the central plane of tAe sys-
tem. An ideally complete picture of plasma escape could
be obtained by measurinS energy losses from the plasima
into the walls of tae chamber on time with the aid of in-
st.ruments with sufficient time and space resolution.
This ideal experiment has as yet not been carried out, but
figure 10 does show the di.stribution cf the number of
charged particles reachin4 an electrical probe as it de-
pends on the co-ordinate (according to the data of Ameri-
can scientists (reference 12), while figure 11 shows the
distribution of heat currents on a thermal probe for two
values of the magnetic field obtained at one of the instal-
lations of the Atomic Energy Institute Imini I. V. Kur-
chatov. It is apparent that the results of thermal and
electrical measurements are in excellent agreement, ccn-
firming the supposition that energy and particle losses
take place along the centra2 plane. Of course, the ther-
mal measurements are of an integral character; on the
other hand, control measu'hements with electrical probes
placed on the chamber walls confirmed the legitimacy of
using thermal probes as sensitive to characterize plasma
escape from the central region.

The dependence of magnetic fissure width on field
intensity Is represented in figure 12. The problem of
wtiether the experimental dependenr.e reflects the effect of
a single magnetic field or whether It is effected oy other
facaor- a- well reflnins undecided.

Ne pass on now to the results of density determina-
tione. The values .f plasmia dens'ty in the centrai
region of the trap depend or. g-ne-.c field intensi'ty, 'ý.u-
jection conditions, and trap geore.,atny. Table C contains
a comparlson of figures obtained f,)r teveral oases. For
the sake of convenience we have also included numer-ical
data f'cr plasms. lifetimes in the same Tible.

The values for plas:ia dericity included in Table 2
are Lypi,.Nul in the sense that they correspond to working
values for the magnetic field and injector operating re.-

69



gimis. Plasma dczsity I,- the trap increases with growing
magnetic field intensity and voltage across the injector
(reference 15).

Let us note that the values n cited in reference 8
are Cubious since they were obtained with the aid of
speetrcocopic nethods whose precise nature is described in
but brief and vague terms by the authors.

Such are the basic results of studies on magnetic
traps with cusped fields,

In discuasing the prospects for future research we
see that the effortV. of t"he experimenters will be directed
toward obtaining plasaL of maximal initial density and
temperature. On the one hand, this will require the per-
fection of injectors, ancd on the other the alteration of
injection geometry and the geometry of the trap itself.
How suc-essiful the~e efforts will be depends on whether
traps of this type can compete with other systems and
whether the solution will have to be sought in terms of
some sort of hybrid system; the answer to these questions
stil. lies in the future.

The authors wish to express their gratitude to
L. i. Artsimovich, I. I. Gurevich, S. M. Osovets, and
0. B. Pirsov, with whorr they discussed a number of the
problems touched on in the present article.
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Figure 1. Lines of foroe of magnetic field In.trap.
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Figure 2. "'Past" in-ection of plasmsn into trap center.
A = Xioroeeoonds.

0

Figure 3. Dependenoe of plasma density on tire. Diaplaced-
field model.
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Fiur 4. "Sl 0ow" 4naection of plasma Into trap through axial

magretic fissure*
A= microseconds.

Pigure 5. Dependence of plasma density on time. Model of
plasma mixed with field.
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lPigure 9. Radial deitribi1bioi. of plasma dens"tes in various
trap luninosities.
A= Pla-zra dents'Dty, re2letive units;
B = Plane;
0 = Plane;
D = Plane of magnetic oircult;
S = Centimeters;
P = Oersteds.
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Pigure 10. Flcw to sice wall of trap in region of magnetic
fitsure. Dotted line indioates course of H com-
ponent along axis.
A = aeztimeters; B = oersteds.
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:Plaema Pensiiesn Exverimentai Seftums

Density n, Lifetime t , References

Cm-3 microseconds

3-1012 .... 40 [73

1011..1o12 100 (12]

8.1015 15 [8]

-- 30 [131

1o".-1o14 60 [16 ]
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TrHE FURE OF PAST REACTORS

Zfe follo-wing is a translation of an
article by A. I. Leypunskiy, 0. D. Kaza-
ohkovakiy, Pnd M. S. Pinkhpsik in Atonra•.a

•i. (Atomic Ener'gy), volume IT---,
Otcb~r 1961, Pr•. 370-378.7

The possibilitd of making exhaxitive use of uranium
foj- the needs of nuclear power production is c'onnected
witin the realization of vycles of expande.%d nuclear fuel
re'--oductton. It is a well known fact that Uhis cannot-
be achieved with the aid of t '',eriral or lnte.rtdiate re-
actore. The reproduction zoefficient 1n 1u1 i aysCMeS
for a ciuo:ed uranJu.- 'oni riiw cycle turis ncut to be less
than ona, and the xireniuan at!]_ized Jn tne oP imrrlum c'ase
can iea-h only rev n- .>rcenL of the total quantity of
exýraczed uLranium. Thus, the industrial developmvnt of
n1clear power production based on the utilhizaion of
themnal or ine medlate -eactors would lead to the dapii
exhaustion of natural uranium resources and ao:d not
si-nificantly expand existing power resa.rves. A, d 1ffe r-
ent ztate of affAirs prevails in the case of. fast -ea^_to re
These car be used to attain hioh values for the reprodu;-
tion coefficient, considerabl.y in excess of unitX( .4- .4.).



The use of fast reactors will make it possible to solve
the problem of exhausýAve utilization of all uraniumr ex-
tracted, thereby satisfying the needs of man for energy
for a very long time indeed.

"TLhe theoretical possibility of obtaining high repro-
duction coefficients 1'n fast reactors was proved several
years ago (references 1, 2), After this, the basic
attention of scientists was directed toward the solution
of engineering problems whose purpose was to.invectigate
the prublems inVolved in the technical realization of in-
dustrial fast reactors for power-producing purposes.

The characteristics of chain reactions based on fast
neutrons differ considerably from those of fIssion chaln
reactions involving thermal neutrons. Inasmuch as the
corresponding fission cross-sections are very small (app-
roximately 200-300 times smaller than those for thermal
neutroas) the concentration of fissionable material com-
posing the critical mna;s in the active zone of a fast
reactor must be much greater than In thermal systems.
For the sake of comparison, in Table I we have listed
nuclear tael concentrations for several power-producing
reactors (reference 3).

The second peculiarity has to do with the fact that
in order to raise the reproduction coefficient in the
active zone of fast reactors, it is expedient to make use
of U-238 as the nuclear fuel solvent due to its relatively
high fast neutron absorption effectiveness. Precise values
for ýhis absorptive efficiency depend on the neutron
spectrum, but on the average it might be considered that
the ratio of the radiation captur'e cross-section in U-238
to the plutonium (or U-235) fission cross-section for
fast neutrons is approximately 20-30 times greater than in
the case of thermal neutrons. This gives rise to the
necessity for using e&ther a fuei mixture consisting of
Pu + U-2383 with a high piutonium content, or highly-en-
riched uranium. Conmparative data on uranium enriL.hment
values in various reactois are listed In Table I (referen-
ce 3).

In themselves, the aforementioned difflcultie•3 do not
occasion any special technical diffIculties provided we
speak of the creation- of fast-neutron systems Jn general
(for example reactors for physikal or e.igineering research
purposes). When we think of designing induitrial-.pow.•r-
production reactorss, hcwever, which first and foremost
involve problems having to do with sufficiently high econ-
omic effectiveness, the peculiarities of fast-..neutron
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chain rc-ucti.n gxLv r:se to oe:*taln rather complex tech-
nical pro)blenia. First of all, it is quite apparenz that
due to tne high conzcntratiorn of nuclear fuel requlred to
reduce the relative role of capital investments having to
do with the critical 4mass. we shall be otliged to inten-
rify beat removal and to !increase the ene:.-y intensity i.
the active zone. Thus of necessity requires the use of
liquid-metal coolant-,3 3inrce gasces, for example, cannot
assure the required degree of heat transfev, while water
or organic fluids are useless by virtue of their retarding
properties. The creation of a technology for the use o.0
liquid-metals as heat transfer agents on an industrIal
scale is one of the more important problems to arise in
the development of fast reactors. Apparently the greatest
prowmse lies In the une of a sodium heat transfer argent.
Comparative therwo-techntcal data for several power-pro-
duction reactors are listed in Table 1.

The last line of Table I contains values for the
basic quantity whilcn characterizes the economic benefit
of capital investments for nuclear fuel (specific power).
As is obvious from the Table, thermal reactors can attain
the same high values for specific power as thermal reac-
tors. Design possibilities, generally speaking, make it
possible to obtain evwn higher specific power values. But
from the economic poin-t of view this is already inadvisable;
further increases in specific power result in increasing
amounts of fuel left after removal from the reactor (prior
to chemical reprocessing) to allow for the lesseninS of
activity; this In turn has an adverse effect on tne eco-
nomic indices of the cycle. The quantity of residual
fuel increases with gl'cwilng specific power in the active
zone. Actually, the greater the energy inten3ity In a
reactor of a given power, the smaller its size and the
greater the necessarý fuel1 enrichment (due to increased
neutron leakage). As a result of a given maximum deptn
of fuel mixture burnout, the amount of fuel extracted per
unit time increases. The effect of thl, Increase for
high energy Intensities predominrates over the effect of
decreasing critical mass. TypIc~l curves of the depen-
dence of the quantity of nuclear fucl employed in the fuel
cycle in the Qaser of a fast reactor for an atomic electri-
cal power station presentiy bring designed on the energy
intensity for a giver, power rating of 750 megawatts are
shown in Figure 1.

Curve M shows the presence of an optimum point lying
in the region of relatively largee neat production values.
It should be noted that the magnitude of energy intensity
likevise effects operating costs, since the quantity of



rwcl.ýar fuel p.mz-)ezae.' Vrles with ,ha;r'ljiag enrlrchrzentý
l.evel~s (per un~it, cf energ_- produced), cro'esp'-ndn&:!y

.alte¶rtrig excpenses for che~iAlcal xeproce.4rlag. This effect
-depend~s on the aos.t if cheipical reprroceesing and le~ds to
a cert-i-n decrease tit the value of 'the eco~nomic optipulm
Point .

Another' tachrica" 2problern has to elo twit-h greater fual
ocncý_-'Uratlon In the feliti.' (gzeatexr enrichrreim).
Ti, ozder Zvo dedrease ezpen.ýes aad losses *Ifl the che~mteal
repro~ieeag of irradirted fuel,, it is necessary to in-
cr~easc the degree of fil~el mnixtu.re burn~out. For purposes
of illustration, Tb ?idatsheeenece on the
quant~ity of rep mce3sea fuel on the degree of fuel mIix-t~ue
burnout for, a ;mYixture containing 21. .6% of a nucle-ar fuae,
anid tGhe cr.esonc &ag decrease in the- reproduction Coeffl-
cievit. ,r1-he ma~ii-Itu-1e of lossas for each r'eprocer'aing
cycle is takcn tQo be 2%.

In the general Cab for eqn~al degrees of fuel m.-lture
bvrinout, expenses~ for chem4ýcal fuel reproceesing for fast
re acatora r'TA St be greater than for thenma1 reactors duie to
a high degmme of enrtchmen-, At the same time, fast
reactox-s have a greater poc~ential for' attaining a. higher
degree~ cf burnout. The fact of the z,,aat.-ter is that the
time of oper-ation of heat -producing eleuhents in fast re-
actora ie determined not by the reactivit:y losses (as is
usually the case in thermd"l reaztcrs), but ty the machani-
eel stability of thete' eler-WaettS in the radiation field.
The creetion of heat-. oducing elements, desitgned for deep
burnout representrn y,,. another important task in the devel-
opnitent cA* economitcal pcwer-prodjoinig L'ast rePactors.

In order- to scl., tvh..3 besi- technical. problemn starid-
irng in thke vway of' the inda,%tria] dlevý_xcpment of' fast re-
actors, the Soviet Un~ion has built the BR-5 engirncerting
recearckb reactor (references 1, 4). Tbia s oditun-cooi'ed
r'eactor was designed for a maxtimum, heat--producing capsa-
bilit; cr 3000 kilowatts. Its feet neutron stream ha.s
an. ifltensti.-lr of' 7 r*±o/M~ .- 4  he reactor 16~
designed tlo solve a tnwtber of problenis, the most importa~iý
of whicýh arc listed baclow.
1. 11hei coraplex test~rE. of coollt.g ayste.ws and W7'e 'accu-

mularat'or of' vor1k.Lng experiel.Ict? wllth ri-aioac1atve
sodiumi ý.ociants.

2. The ti~sting cf Individual' -,arplý:t's and r rototypes of
heat -prcdua! ng elements for 4 nd.4strial ieacltors to
attaili thea gr-catest o,,scio'Le dejree of fuel burnout
nrider cuond~ttJon close to ýbise enicountered In in-

3. -The study of' fast reactor kinetics -wider conelitlors



of high energy intens!t.e1s.
4. The performance of experiments in nuclear physics

and studies of materials under conditions of intense
fast neutron streanrs.

rxtcnm its very inception, the BR-5 Installation was
intended to be used in the testing of pcwer equipment
which, obviously, wculd be quite remote from that required
in actual industrial i:astallations with regaid to both
size and power. The use of a turbine would only compli-
cate the operation withcut yielding any useful results;
for this reason, the reactor operates without producing
electrical energy and the heat produced is released into
a stream of water and the surrounding air.

The nuclear fuel used in the reactor coi&sists of
plutonium oxide, whose use in place of metallic plutonium
was dictated by its high melting point, good compatibility
with surrounding structural materials, and as was deter-
mined by preliminary experiments, Its stability in. the
radiation field. The plutonium oxide is enclosed in
stainless steel tubes arranged in heat-producing aggrega-
tes. Blueprints of such an aggregate and heat-produc.Lng
elements are shown in Figure 2. The active zone consists
of 80 such aggregates. In addition to this, it also in-
cludes aggregates with r.atural uranium, as well as special
containers with various samples to be irradiated by
neutrons. As is known, the reactivity of a reactor with
a high V,4 (3uch as the BR-5 reactor) can be significantly
affected even by relatively small changes in the active
zone geo..metry (within the limits of technical tolerances
and temperature expansion). It is Important to bear in
mind at this point that the presence of a heat-production
gradient along the reactor radius can in principle give
rise to undesirable positive components in the power re-
activity coefficient. For this reason the design for the
active zone, and especially of the system of plutonium
tube reinforcement in the heat-producing aggregates and
aggregates within the lattice incorporated necessary
features to improve the stability of the system. The
active zone has the approximate form of a cylinder with
a diameter and height ,'f abotut 280 millimeters p.•ced
within a thick-walled *,entral tube made of stainless steel.
The stream of sodium coolant passes through the tube.

Since the reactor Is not intended for practical re-
production of nuclear fuel, the use of uranium (either
natural or irpoverished) in the reflectcr Is not manda-
tory. The use of u"arunum at this point, moreover, would
lead to increases In the intensive heat-production region
and the appearance of certairn technical difficulties with
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reg•arri reilector cooling. For this reason, the re-
flector was made of nickel which has a high albedo for
fast neutrons and good heat conducting properties. Maxi-
mum heat-production in the reflector equals 220 kilowatts.
The removal of this heat is realized by means of pumped
air.

The regulation of this reactor is based on the prin-'
ciple of varying the system reactivity by shifting the
internal nickel reflector layers. To reduce reactivity,
the movable portion of the reflector is lowered. When
the reactor must be shut off quickly, the circuit which
feeds special retainer-electromagnets Is broken and the
internal reflector is lowered by the force of its own
weight. A longitudinal cross-section of the reactor is
shown in Figure 3 (see attached plate).

The system for removing heat from the active zone is
composed of several circuits and 2 loops (figure 4). It
was designed with due regard for the necessity of obtain-
ing the most varied possible practical experience with
liquid metal coolants. The sodium in the first coolant

ir-calt., upon emerging from the central pipe, branches
off into 2 similar streams flowing along identical loops.
Each loop includes a heat exchanger for conveying heat
into the second circuit and a circulation pump. The
first circuit is supp3lied with plug valves which make it
possible to remove the heat from each of the loops sepa-
rately. The maximum flow rate of sodium in the active
zone is 5 meters/second, and its temperature upon emer-
gence from the active zone is -4 500 degrees C. The
coolant iti the second circuit consists of a eutectic alloy
of sodium and calcium with a melting point of minus 12
degrees C. Both cirnuits are supplied with cold traps
for oxide removal. The rate of coolant consumption in
each circuit equals 250 cubic meters/hour. The total
amount of liquid metal in the system is -• 5 cubic meters.

Heat is removed from the loops in the second cir-
cuit by 2 methods. One of the loops has an air heat
exchanger in which the heat is removed by a stream of
atmospheric air pumped in by a ventilator. The other
loop contains a steam generator. The resulting steam is
used either for technical purposes or is condensed in a
continucu-3-flow refrigerator. The cooling system like-
wise incorporates features which make it possible to
remove heat whenever it is necessary to stop the reactor.
Residual heat may be removed from the active zone and
transferred to the air with the aid of natural convection
even witn all electricity to the reactor shut off.

Physical test runs on the reactor without any coolant
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were carried out in the rum tia of l tt53 Jaioary 1959
marked the attainment )f the aritical state a n the sodium-,
filled system. After this, a period of adjustment and
improvement of individual. circuits continued for several
months, so that by the surzer of 1959 it was possible to
inttiate work with the' reactor according to original de-
sign perametert; this work Is presently continuing. The'
installation turned out to. bi.extremely stable and con-
venient in exploitation. WO should note the reliable
opferation of the equipment wlich in most cases was not of
the standard type and had to be specially produced for thel
given systems The reactor operated in varLous regimes in
accordance with experimental needs. Maximum power output
5000 kilowatts) or output values quite close to this

tigure was maintained throughout a large portion of the
operating time. The total operating time of the reactor
at this power level amounted to over 80% of the time last
year.

The operation of the reactor has yielded important
results contributing toward the solution of the problems
posed. We have now to a considerable extent mastered
the techniques of working with a radioactive scdium cool-
ant. It turns out that sodium by virtue of its opera-
ting properties is a perfectly acceptable heat transfer
agent. For example, it is in many respects superior to
water since it oreates no difficulties having to do with
corrosive effects, nor does it require high px'ssures.
Th convenience of using sodium also makes itself felt in
replactg equipment in the cooling system. Such replace-
Ments can be safely .cuaried out without draining the cir- !
cutt simply bý freezing the sodium in the required section$
of pipin4. In this respect, aodium likewise is superior
to. the Ha-K alloy. The use of cold traps assures the
lowering of oxide concentration in the coolant down to the.
required. value of • I - I. -0-3 *, i

Work with the reactor has demonstrated that the heat-I
producing element design employed Is quite reliable.
Suffice it to say that by June 1961, the reactor attained
a maximum degree or fuel buruup in excess of 4%. The
magnitude of the integral fast-neutron stream which ir-
radiated the heat-producing elements exceeded 2.-tO
neutrons/square centimeter. Moreover, this was not
a&*oopanied by any signs of the presence of plutonium in
the sodium, oonfirming the sufficient mechanical strength
of the heat-producing elements. The resulting operating
data confirmed the expediency of using a ceramic nuclear
fuel. At burnout levels on the order of those attained,
the relative quantity of processed nuclear fuel for fast



teactorz I.s comprTChbe wit', the corresponding quantity
employed in thermal reactors. At the same time, the
total volume of chemically reprocessed fuel is decreased
considerably (by lowering the quantity of U-238 to be re-
processed. Apparently for this reason, the use of a
ceramic fuel it more profitable as compared to a metallic
fuel, despite some lowering of the reproduction coeffi-
cient (due to retardation by oxygen nuclei) and increased
enrichment (due to lower uranium nuclear density).

Tests were carried out on the stability of reactor
operation, which confirmed the results of preliminary
calculations. The static power coefficient of reactivity
was measured experimentally and turned out to be negative
with a magnitude on the order of I" , 'rIC (with respect
to sodium temperature at the outlet). Studies in transi-
tion regimes showed the absence of positive components
with very short periods in the dynamic power coefficient
of reactivity of the reactor. The temperature coeffi-
cient of reactivity with respect to the sodium temperature
at the intake also turned out to be negative 2..,O"'cVC9.

As is known, the temperature coefficient of reactivity by
itself does not have a very signiricant effect on thr
stability of reactor operation, inasmuch as this coeffi-
cient involves a rather large lag corresponding to the
period of the coolant circulation cycle. In the case of
the BR-5 reactor, th1s period equals approximately 30 sec-
onds.

Throughout the entire time of reactor operation,
there was not a single instance of anyone receiving an
overdose of radiation despite the fact that maintenance
work had to be performed both in the active zone and in
the primary contour containing radioactive sodium. There.
are no signs of radioactive contamination in any portion
of the area which houses the reactor, which is fully acces-
sible to personnel.

Following over two years or work with the BR-5 reac-
tor and the achievement of positive results in the solu-
tion of basic technological problems involved in the crea-
tion of power-producing fast reactors, ever greater im-
portance is assumed by the economic problems of such
systems. It is quite obvious that in order to compile
a concrete program for, the Industrial construstion of fast
reactors it is necessary to have data about their economic
effectiveness. We have to be able to compare the econo-
mic indices of atomic electrical power stations employing
fast reactors with those of other atomic stations, as well
as e-ectrical power stations of the standard type. Such
comparisons must be carried out both for the near future
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and for more exten&?_ýd pe ricds, taking; Into account ýAncrea-
sed needs fur po'v.er, Chh~nes In available f'uel resourc~es,
and t~he emergence olf various new ways for improvin~g the
technical-economnic indices of atomic el-eztirical pcwei:
Sta t 1,ns.

Unfortunately, the:, deter' nation cf the ecorom!½_
Indices for the fur t?-.c'ning of' fut-ure Industrial atomi5C
electrica.1 power staticna with sut'fic.1c-it accuracy ýis as
yet an extremely difficult task. First of all,. the nev
ods of determ~inIng these Indices have not Fs ye-- rtec:_Ived
sufficient elaboration. F~or example, we are niot as yet
completely clear on suchn poinhts as now to pm~perly ca lo-a
late the costs of nuaclear fuel employed in the fuel cZycle,
the pr~ce of the se-coz-diary nuolear fuel, etc. T'hec
questions will apparentrly be Investigated througiF Z-e
joint; efforts of r-conorrlsts an . Apftlýt nth ~
of' nuclear pc.eA- ýProductiorn. The greatest. dij"f.4.ult,., 1 how-
ever, is the lack~ of ne.-esarv; exp~el-ica .h woj'Id it.akc!
it -possible to J;- tenm`:ne i.hFe cost oDf ucnisLxcc~nei andc p.-
eratln& tv.pical -IndustErial. atDomic electric;al pcwer 3-tZtiocri.
The onlly waý, to overccm~e thit.s dlff'iculty ;.s to ý-!ieatg.e ex-
perimen~tal industrial I.nst'a2latlcns of various types. As
is kncwn, -t is preoc!,rly this prinýi~ple that Iles at. the
Lasic- of the Soviet pvrograir on nuclear power prcdu,.tion,
today. A plani for the development or lndustrta2 fast re-
actor,- of' varyinig output anct design has already been wor-
ked o-.ut ':in accorc~ance wir.-h this pro-.grarr.

TPhe eccnomic-s o;f atortsic alectricýal oower stationrL
with Such recactors d-,pends co-nsiderauly oni th-e pwirout-
put of' the enti.re s~i.o Thisk dependance Is aictated
i~ot only' by the usua. effecnts of size cn riel;at lye capital
in~vestnent-s and operating Costs, but likewi~se oy certziin
addit-icnal factors stemming Afrom pecul .a r'.ties and ph.,,E-
cal properties of fast. reactors. As is lrnown, &.s the
size of any reactor Inrcreases, tý,e reXatlvp quantity ofl
neutrons escaping from the 'acti ke. zone decý-reases, ahd. con-
sequently,, the extent of :iecessalrv fuel enrichmenet i.-- the
active zone likew~ise drocps cff. lin týhe case o01, usr
ial power-pr duc-1rig therrna.A r'eac-tt~cr, however, 1The e-ffec",

of euro lakge 'Is small and can be negiectzd in pr'ac-
tice. OGI the other hand, in t.he case of frast reacýtovs,
even of tiie largest size, the effect of' rietron leakage
and Its variation with dilferences in reactor size tuim-
out to b~e quite sign~ificant. Fc~r thl reason, as ti-e
power output (or size) of a fast react~cr -Increascs, the
ccncentraticn of nuclear fuel Is reducedI significantly.
This results in a considerable lrprovemen,, in such e.cono-
mlcall,ý Important charactorist-lcs a7ý opeci1fic pcwer, (mak-
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ing posaible an ad&IAtlonal reduction of opital invest-
ments) and extent oi fuel burnout (lowering chemical
rep rocessing coets). Rough values of fast reactor in-
dices employing a ceramic nuclear fuel will be found in
Table 3 below.

It should be rioted that an even greater decrease in
nuclear fuel concentration within the active zone can be
attained by using inert solvents in place of U-233 (re-
ference 5). Some reliance on the use of inert solvents
will only be possible, however, when we can successfully
prove that this will not lead to inordinately large
losses in the reproduction coefficient. As a whole, it
might be said that the economic effectiveness of atomic
electrical power stations with fast reactors will increa-
se more rapidly as reactor power Increases than will
that of electrical power stations with thermal reactors
and standard thermal stations.

The possibility of creating economnically profitable
atomic electrical power stations based on fast reactors
is being successfally confirmed by the work of the BR-5
reactor. It is exceedingly important to note the fact
that the BR-5 reactor was succcssful in attaining and
r e~ti~ly maintaining basic technological indices which
are close to those of a typical power-producing reactor.
For the sake of comparison, we have listed oelow some of
the more important perameters of the BR-5 reactor and an
atomic electrical power station with a fast reactor with
a thernal power of r50 megawatte:

BR-5 750-megawat
reactor

Energy intensity, kiicwatts/liter....... 360 600
Rea& transfer agqnt temperature at
reacTor outlet, O................ .,.. 500 550
Depth of fuel burnout,%.................. > 4 5

Following the construction of a semi-industrial or indus-.
trial power-producing fast reactor and the accumulation
of sufficient operating eyperience, we shall be able to
determine the necessary economic data for the comoilation
of the concrete program for the future and the clarifica-
tion of the place to be assumed by fast reactors in the
total program of nuclear power production devel6pment.
It is already possible, however, to cite a number of
serious qualitative arguments in favor of fast reactors.
These arguments render quite plain the important role and
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C~c~fO~Y -prols~xse c)f' 6;:
ijI rs t ) f al 1 I t i~ nec-essarW to 3rot.e that data con-

cerning~ the depletioni olf standard power resources arid
growing power needs for trie future leave no doubt as -Clo
the r.,.'e of nucle.-Ir power production .16n the. .ndus1.ri3i of

tefqture. Primary relian,.le wilh) be rVcLaced on nt~clear
:f1.aeion techr~iques, Inar-much as atudiec'i tef. ~
powver pivduCtion by nuuelear fusion have not emerged f--_r
the stage of laboratoryj experimentsation (thus rendering
a-ny predIotilone along this line pxemature).

Of all1 the reactor's being developed at 'the present
tir~e, fast reactors have the advantage of a large repro%ý-

*duction coefficieint. This advantage is decisive if' the
fuel we intend, to employ Is uraniur.-. The -iuestlon of the
best typ.e of reactcr us~ng t'1-oriuri is as yet. un~solved,
even t~iough here tco I'abt rpactors have definite advanta-
ges, And so, fast.- reactors are the only type of systc-m
which permit the exhaustive utilization of available
uranium for power-producing needs. For tnis reazon, ',he
expediency of designing~ such reactors is beyond dispute.

Thie economic advantage of fast reactors is based or.
a nurnooýr of factors. First, of all, their large reproduc-
tiorn coefficient tends to effect a considerable lowering
of' the fuel component inl total power produCing .costs. on
the other hand, it is of aourse necessary In calculating
t%,he fueJ. compo:ient toý t-ske -Into ac-coutit expenses incurred
throughnout the fuel A -.onsider-able portion of
the fue'l component may consiat of expenses for the chemi-
cal reprocessing of Cue' material f'rom the active zone and
re flIen'Ctonr.

Mhe chemical rep.rocessing of an irradiated fuel re-
moved from a fast reactor can be carried out by standard
hycdroebemical techniques. The best pc'ssibilities in this
oase emerge, however-, when we consider the use of' new and
more advanaed metwhcds of chemical reprocessing not Invol-
ving the use of water and water solutlons: pyo-hemistry
electmchemjl~try, etc. Theise methods are particularly

* advantageous when app'ý I.ed to Lastk- reactoZ' fuels, since,
inl the Ifirst place, tý,.e relatively small amounts off mat-
erial to be reprocessea afford i greatcIrr possibiliity ror
designing simple kind compact tezmlr-Acal Installationrs ar
Becondlys beoause '%-here Is a ,con.-.1i(.ra!Ae iricreRa--,e In the
permisaaLle quan~tities of' s-1nattltaiecusly reprocessed
material (due to the aibsencro f a hydrogen retarding agent)

It Is noteworthy .~~ Vhe application of suoh metho'ds
as pyrocheinistry and elect-rochemistry will make it posbible
to curtbil considerably the time takeni up Dy the ucooling of
the fuel and the dropoff in Its activity. This will, lead



to a thevp rductor~n. trap total amoun;t of tuel employed
In the cycle and a co...orr.-tant reduction in costs. App-
roximate data on the relative quantity of fuel employed
in the fuel cycle of an atomic electrical power station
with a fast reactor (for various reprocessing method3) aregiven b~low Hydrohemistry 

Pyro-
C elec-ro-)
chemistry

Quantity of fuel in reaotor,%,.,.. 100 10c
Quantity of fuel) retained prior to
chemical reprocesslne,%4...... • • 100 2>0
Total quantity of fuel in cycle,%.. 100 55

The cost of preparing heat-producing elemeqts like-
wise enters Into the fuel component. In the case of fast
ree.otors, Ine to the possibility they afford. of attaining
deep fael )urnout as determ-ned by the fast-neutron chain
reaction, the quantity of heat-producing elements necess-
ary i63 riot great with relation to the energy produced.
Consequently, the manufacturing cost in the fuel component
will likewise be rather small. In addition to this, fast
reactors require less uranium. The rate of new nuclear
fuel accuuWaation in an atomic electrical pcoer retation
with a fast resctor, particu]arly when new methods of
chemical reprccessing ;tre employed, turns out to be extre-
mely high, reaching vv-1ies on the order of 12-15% per
year. Consequently, the fuel needs of fast reactors will
depend largely on the initial quantity of U-235 or Pu-239
provided. Waste uranium tan be employed as the nuclear
raw material employed in the reflector as well as in the
active zone.

The entire concrete program, scale, and schedule for
the construction of fast power-producing reactors, as well
as their economic in4ices for the near future will be det-
ermined after work has been completed on a number of ex-
perimental installations. Even today, however, we can
speak of tne promise nu&h systems hold for us.
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Figure 1. Dependence of the amotmt of fuel In a e5ojol C-1
zbe energy intensity in the active zone of a fast
reactor: M -- total amount of fuel- m• -_ amount
of fuel in reactor; ma- amount of' Rel- outside
reactor.a

TI h L

A = Reproceseing and reproduction of fuels for fast reactors;

B = Depth of fuel misture burnout, %; 6
C = Quentity of reprocessed fuel per 10 kilowatt-hours of

electrical power, kilograms;
D = Reduction of reproduction coeffioient.

C~TPiAc PeamTpon
NO:Yfq'?WMC~O n~pe-

p~m~* o~rnu~io~ &~'oPop'ero ro

ra e N . 4 ... a ,, + + S o r-mo ,m ,

I O, 8.3BA 0,43

2 0,418 0,21
0 3,17 0,08

93



244

715



i.[B.serint] Longitudiral cross-seotion of BR-5
S~reactor.

I -- Reloading meohatnismx
2-- ontrol and shielding system motors;

-- Vertioil exper2mental obannels;
-- Conerete saield-ing;
-" Compensating oylinder;

16 -- Thermal oolumi gate valve;
7--m Themal coilum. ..
8 -- Movable soreen!
9 -- Lower reactor box;

110 -- Devioes for remote reloading of samples In loop ohannel;
i11 - Heat transfer agent supply main;
* 12 -- Reactor j3oket;
13 Water shielding tank;
.14 -- Central loop chanAel;
15 - Automatic re•'A&tion system control shaft;
16 Neutroa beam channel gate valve;
17 -- Stationary nickel channel;
.18 -- Aotive zone;
119 -- Oast iron shielding;
'20 -- Main reactor tube;
!21 -- Main concrete shielding;
'22 -- Rotating plugs in heat-produoilng assembly reloading

system;
23- Heat transfer agent in main tube;
24 Protective plug.
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Fjg . Diagram of TLR-5 installation:

1 R- 1eactor;
2 Win circulatory pump;
3 Intermediate heat exchanger;
4 -- Second-level circulatory pump;
5 -- Air 'eat oxchanger;
6 -- Stean generator;
7 -- First-contour cold oxide trap;
8 -- oxide indicator;
9 -- Second-contour cold oxide traD;
10 -- Second-contour oxide indicator;
11 -- Filtration systew recuperator;
12 -- Distaillation pump;
13 -- Tank for radioactive sodium;
14 -- Tank for Na-K alloy;
15 -- Central loop channel;
16 -- 01rculatcn p•umps of the loop-channel system;
17 -- Cold trap and oxide indicator of loop-channel system;
18 -- Dauthermal vaporizer;
19 -- Dauthermal vapor condenser;
20 -- Cooling system for regulatory operating mechanisms of

system and shielding;
21 -- Water shieoding tank cooling system;
22 -- Preliminary reactor heating system.
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.A DP-6ndencet o-.O'to eharaoteris8ýcE Oa the~r
tfl.irDal powext,

BThermaI rove-,. mgwatts;

D Speci~fic power, kjIio,,attIs1 'kI1o~ra.-m
Z Qu~xitlt- r of r,,irootassed nuoele'~ taI. (U-2-5), ki1lorams/

lob kilo~watt-11wwr3.19

2 32, K 4S35 0,27

ib,5 0,2,N

30*) 17.2 0603 0,11

99



SOME RESULTS AM:D PERSPECTIVES OF ISOTOPE
PND NUCLEAP RADIATION USZ IN INDUSTRY
AND RESEARCH IN THE USSR

ab

/Iollowizg is Y.he translation of ar, article5yP. T. OrUztn in AtoEnjya (Atomic
Ener~gy) volume 11__ 4--•, • ocor161, pps.

379-29W._9

Tnc achieverrents of nuclear phys.us are gaining ever
".Vicer use in the zost d~verie fields - science Arxi tech-
nology. At the present time it IJs d.ff*icit to list even
the moit irnportanri reoults obtainod throtugn -he use of
these achievenments. one final. rcsult of the work of
Svviee scientists sr.l enginotrs in this area has been the
creatLon of a new bra. of scientie--applied nuclear
pnrsics which. is 1asýýd on such studies as the use of
stuble and radioatlvp 5sotopes, nuc-lepr radlatLor.s in
i'iustr-,; and scl-itific researchi, the 2t11iz&tion ci
aet~ctic reactors aric accelerator,3 of •nr'.ged nvalear p-u'ti-
c"es in research wcrk as well as in tnQ study of the
effects of ionIzing radiation on the properties of mater-
lals and technological processes. The present article
describts only some of the l'esults of using Isotopes and
nuclear radiations in scienUý.fic studies a.-d Ind'stry.

The method of "matrked atoir3" base't on the uae of
stable and radioactive isotopez has ga.ined wide acceptarce
in physical, chemical, geological and other studies.
This technique mak~es it possible i'or s.ientists cn.obt,1n
certain Importani results faster ord dith greater accuracy
than do other methods; in -ddltiow. i" is frequently uced
in cases where other techniques cannot be employee. With
the aid of radioactive isotopes, it is possible to study
the kinetica of many rapid px-Ocesses, something which
cannot be done by any other means.

The main distinguishing characteristic of Mrethods
based on the use of radicactive and staLle isotopes as
indicators is their hgh. sensitivity and usefulness in the
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i ivs 1 t gt'.or, of' exremt-y A;:lqu~ant-itAies of mrat~eria2.0
Thusi, for exarvple, with the a'' of~ rad-1-acti';e isotopes
ic is possibl11e to df~tern-'ne the per'centage concentration
of phospherous, cobalt, and other ele.e1neat adxiaxturvcs with
avi acciirracy ,)f abiult to-oq*

Isots~tcte ,,hniiquer- llx,'wise ma.ke I~t p3asible to
study the char'acte.- of zclmixý.ure distribution~ In various
materialk, corndittons operative Ini the attairkment of a
s"Ote of' eqa-llibrlum. amonig elmeits, in varlous phý.ses,
the moollity of aýoms In liquid an solid bodles, to
maintainA control. jver the state of indIvidual lin~x' i'_
Wmetalluro'IOai aggregate!1t, to study the behavior of varlous
mate riri is in technclogical pr'ocesses,, etc.

S",-'entists anW i~vtustrial). woiicer3 must strive to
deterni~ne the most" effect tr.-ends for the furt-her- exten;ýicon
-of the pr:actical appll-,tlo~ns of' nuclear, physics. N~ew
rmethods anid principles fcr titudylng., controlling, and
JInten.5ifvin~ techrnoloxical pv.oces:ýes .oa-sed on tne, use of'
isotopea and rucleex radiatlcoo arc beilag devel~oped and
employed, as a ru E, 4hthe moM timely avid cormplex
sclentific-technical problems In mind.

The wide us of auc-Asar phys-IoL met~hods In ,';o\.1et
inidust.r-,,v began In the :O'LAos, At% the present time num-
emous eterorisee and scientific research inatitutes have
created dozens of radiomnetric labocratories concer'ned with
fu~ndamlontal studieFs, the elaboratl~on of' methodoloelca2l
protlemns, arid resear,.h on the control and Improvemient ci'
technological processes. Radioactive isotopes were first,
employed under industrial conditions at the Novay~a Tula
Meta'llurgical ?Jlar-It and the Kuznetsk Meta1llurgical Comn-
bine. At the present time, isotopes are being used iuc-
iaesfully at such major Soviet enterprises as the Kuznetsk
and Magnitogorsk Metallurgical Conbine, the "Azovetal IS,

irnini F. E. Dzerzhinskiy, Stalinskiy, Makeyevskiy, and
Imini. 1l'ylch Metallurgical Plants, the "Yuzhuralnikelt"
Combine, the Volkhov AlumInumr Flant, the Krivoy Rog Yu-
zhnyy Ore Enr~ohment Cop,,bine (YuGOK), etc., etc.,

At the present time, tWhe following major trends in
the use of isotopes and nuclear radiations have become
prominent In science and inidustiry:

1) SciLentific and techn~ological studies for tne
deeper irnventigation of the properties of mat-
erials, the discovery of' the mechanisms Invol-
ved in various physico-chemical processes, the
-analysis of admixture content in pure and extra-
pure materials, the study of atomic displacement
processes, t%*,e structure of matter,, etc.;

2) Oeophysical ,.ltudies in petroleum, gas, coal, and
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mineral ore prospectirtg End extraction;
3) Control, regulation, signalization, automation,

and mechanizatlon of technological processes;
4) The creation of new Industria] pmoesses (poly-

merization, :ulfochlorinatlon, oxidation,
materials sBt.ýiization, electrostatic charge
removal, etc.), initiated or intensified by
radiation;

5) Defectoscopy without the destruction of manu-
factured articles.

Let us examine the basic results of certain studies
carried out in this field.

1. Prospecting,_Surveyin , and
Ti~i~fln of Usefulores

Methods and instxruvients based on the use of radic-
active isotopes and nuclear radiation are employed in
prospecting, survneying, and extracting petroleum, gas,
coal, and minerals. Geological organizations under
various sovriarkhozes (Councils of the National Economy)
engaged in the surveying and exploitaticn of petroleum
and gas deposits through the direct application of these
methods have investigated millions of linear meters of
both prospecting and exploitative bore holes.

In such instances, nuclear radiation and isotopes
are employed for the study of geological bore cross-sec-
tions ard control over their technical etate, as well as
the study and control of various processes connected with
the development of petroletum and gas deposits. Recently,
the method of radiometriao surveying has come into its own
in the search for petroleum and gas deposits.

The method of f-carotage consisting in the measure-
ment of *(-ray intensity of various minerals within the
bore hole is employed, as a rule, to gain a miore precise
lithological picture of the region. An important ad-
vantage of this method, as of other radiometric techni-
ques, over other geophysical methods is the possibility
of carrying out measurements in bore holes reinforced by
metallic tubing. Thls has made it poEsible in severa3
areas to obtain new and important data cn the goological
structure of old bores completed prior to the advent of
geophysical surveying methods, or to obtain the same data
for bore holes lacking in geological documentation.
carotage diagrams are successfully employed in determin-
ing strata to be tested for petroleum and gas content.
The result of such efforts in Azerbaydzhan and the Western
Ukraine has been the renewed exploitation of hundreds of
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hridrc.*:x th;.u anc t-c*:m -A"~ o"12.

The metlacd of neutron' I OPcarotage basedj on the rep,;ts-
tfnri!ig, of the results of Irrtera-ctions between. reutronrz:
ande atto.ms comnposine, a gfveri -neral st tr,A tAmJust as :the

,n,-t red of Y-Oarotage. is usually ernplicyed •Jn 'bores d u
-or tnýý ourpcse of 'Pfi..ý.ing petrmleum% or gas. In otn-
tcz'ic withn orther geophysical mnethodis (eiea.ectromretry, r
ýIa'ztagE alid cave rn~ogramrnv-J ),it a±ffords a carnslderat1e
Imrprovemenit In tChe rellability of the 1-rite rpre tatic n of'
diagrams both In the .d-emarce& ion cf prcnising st.-rata -,n-
tainin5. r.eltroleuiri or gas, anid In rendering r~ora preciz-e
pictun's of bore jitnology. At the present tim, aboutt
5O% of procepect~ing borcs dug with the purp-~se of f1inding
either petrol~eua. ol- gas, are investigated. by the method ci'
nieutron -,('-oaratq~e.

Th~e vmethcd oY' neut~ron-rieutA'1n.-n carc-tage, whtori the:
do ce~ ar f abo)re iristr~urent registcrs tne intens-Ity r C

thermaci or super-triherinal neu-%ronq ret_*Ii'ded .1n. the sur-
rouriding mineral cstratte tvoldsi out great proniisie for titie
quant.-tative detei-mination of mnlntra.'A. porosity. ln Lhis
case, the measured effects (_f super-thexmal neutron re-
distrib~ution as oompa-_ied viiih the redistrioutiori of ther-
mal. neutrons is oýonsiderably less dependenc. on t~he miner-
al ccrt,ýent- In t~he strettfLiod water and bore fluid.

It Should tn: rioed that a Combinatlon of the mrethods
of new;tron-ricutruri carcotage according to thermal neutrons
arnd ei~ut~ron 1(-arotage irakes it possible to reliably
deterrrne tnhe pet.-olewa--ater boundar~y in deposits con-
tairnine, water with C,9 mninera~i salt con.Qeritration, of 130
grams/1.1tre and over In tho~ case of' miniera± varieties
sim.Illar toth with reeppczt to porolsity and 1llthologl 'al
Composition.

The method of '(O(-oarotaae based on measuring tht.
Intensity of' dispersed '(-radiation makes it possible to.
mairtarin surveillance over variatio.ns In strata density.
For this reason, f-Y-carotage Is of great intereat oath
In the study of' bore lithology and In thYE- interpretati!on
of gravimc-trio: survey data. Thtas mtihd has re~eived
the wtde,:t; application In the invest 1at-1n f coal de--
po~its, xeve&)-ing as It doe.3 not- on'Ay the ,Coal layers,
but their thickness and struotur,2 as well. Stuiols oll.
the methcd of' VTcarotage are bein~g 3ond-actied In the
Chelyabinsk and Pechora Coal baslius, the central and
western portions of ti-le Doribass, ,-nd t11he coal deposits of
the Frimor'ye and the *174ster'n Ural dept alt. V-Th metncc6
is also employed In the Kuznetsk, Karaptgand.,, Podmoiskovr~iy,
and Yuzhno-Yakutskiy Basins and otfr.er ccal mi'ninp, areas;
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in the Soviet Union.
Whereas in 1955 the method. of Y-Y-carotage was used

in surveying only several hundred meters of progpecting
bores, in 1959 the scale of this work exceeded 1,600,000
linear bore meters.

Radioactive isotcpen (usually Zn-65, Fe-59, and Zr-
59) have gained wide ac•.eptanee in the petroleum extrac-
tion industry for controlling the technical state of well
bores and the solution of certain problems in industrial
geology having to do with well sinking and exploitation.

Isotopes are usee in determining reinforcement column
breakdown points, water entry points in reinforced bores,
fluid circulation zones exterior to the casin& the height
of oement rise following cementation, the thickness of the
cement 2sing; they are also used to obtain nore precise
measuren,!nts of colurmn perforation depth, to carry out
selective perforati on of 2- and 3-layer colamns, to deCine
the perforated levels in uncased bores,, and to establisli
the location of intensive absorption of the solution IA
the process of oil well sinking.

In a number of petroleum-bearing regions, the method
of T-1-carotage is successrully employed to determine
cement rise, casing eccentricity, the quality of cement
distribution beyond the casing, and the depth of the
casing pipe shoe in multi-column oore designs. The
Volzheko-Ural'skly Affiliate of the All-Union Geophysical
Methods Scientific Research Institute has developed,
tested and successfully introduced a special instrument
for this purpose--the VUJF-l cementometer.

Radiometric methods are also beginning to find use
in the study of geological bore cross-section in the field
of boron, lead, iron, bauxite, copper, and berylium pros-
pecting, as well as In the solution of a number of pro-
blems in mineral geophysics.

Since 1958, some experimental-methodological work
has been done on the photoneutron carota~e method in bery-
lium ore prospecting; this technique is based on the
V(, n)reaction. The technique makes it possible for
mining engineers to lc.aate all strata containing berylium
of near-industrial que-lity. In the case of previously-
surveyed deposits, the photoneutron method is an erfec-
tive means of revision and re-evaluation. It can also be
used in prospecting for berylium ores.

Also tested under boore conditions was the method of
induced activity for the location and quantitative evalua-
tion of copper, aluminum, silicon, cobalt, and manganese
content In mineral ores. The identification of the
aforementioned elements with the aid of other carotage
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tec'T-.:qus Cices a]c wak-tqs yield uniambig~uous results. A
quanti-1tative evaluation is p~ssible in pr."nciple only by
the method of actlivation anialysis.

Activation techniques are also employed in the analy-
sis of' mineral ore G(c~re) samples. TheIr advantage lies
in t1he possibility ol: quilk ly d.etermining the content of
certain elemeats iai ce .iamples (for' example, Indium, man-
&-anese, aluminum, allcon, vanadium., etcý.) anid the possi-
bil~ity of' Identifying extremely smnall quanitities of' a
nunTjbcr of' element-s which cannot be detected by other means.

A metý%"hod of selIective Y-'T-carotage has been develo-
ped fcr copper, lead, and other heavy-element prospecting;

in tis echnique, the qualitative and quantitative corn-
pea Ltion of the elements in which we are interested Is
dete'rmined by the Intensity and spectral makeup of' the
dispersed (-radiation.

Experimental wvrk in mnireral bores shows that radl,-j
metric cam~tage teihniques are more effective than ot'her
geophysical methods of bore study. One of the more imt-
portarnt tasks of future research in this area Is tilat of'
Improving radiometric methods and extending theil, poten-
tial In 1-.,he study of mineral bores.

The basic purpose of efforts now underway in tshe
mining and prospecting fields with regard to Isctope app-
lications is the expansion of the raw materials base and
the introduction of new raw materials and fuels intýo in-
dustry, as well as their increased extraction -under safLer
and more healthful conditions. In the coal and mineral
ore Indastries, radioactive isotopes may be used chiefly
in instnruents of control and automation. Studies and the
results of' experimental tests in the application of radio-
active Isotopes and nuclear radiatilon in the coal and min-
eral industries have shown the usefulness of both these
tools in effecting automratic control over coal levels in
bunkers, the determination of' proper times for driv:1,ng in
trough and spout openings, realizing the proper loading
of chargl.ng sk~.Ips, controlling the presence of coal. or ore
on a. conveyor I elt: sorting out pieces of waste material,
from chunks of' coal, counting coal. wagons, determining the
percentaLge content of ash in codal,. suspension densiti-es,
and pulp, studying the movement of' various gases and fluid
streams, detam~ining their volume and thie gas and water
permeabil.ity of surrounding mineral varieties.

Work on the creation of Y' -electron relays In the
Soviet Union was begun in the 1950's. TCest prototypes of'
such relays were tested at the Keinerovo, Sverd.Lovsk, and
Chelyabinsek sovnarkhozes. The "K1IP" factory of the
Khar'kov Sovnarkhoz organ~ized the production of' Instruments
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of th~is type for use nipecif'ically, In kJ,.e miniing inrduitiy;
th~ey were called the "G's" (garw~e rej.ays). 01n e o f th e
1t'Irst riia~or ldu;ýtria enter~riser to introduce PlUtoination
based on the wide use of' r-electx-on rý_1ays was t1jne
-Southerni 0--e tEnrielh-ment Combine of7 the DrinCrpetroVs!'
S3evnaek~hcz Ii. the tUkmlanian SSR,, which h-as accumulatedi a
ocnalIvrable 'Cody' of Apertlzice In employing inatrumente
of th,? OF, type. At thot t-line the Combine was autfferlirg
deflntt-e losses having to do wit%*h the clogging off spouts
with ore comIng out of' the rough fragmntation mi3l;
t~his led to the txaring of transport belts irid retkultkzc
ii c,,Ym-ideratle ore lor-ses. The; ore ciropping off the
btýlts r.ecessitated work- stoppagea and the use off cdditlo-
ml ~a power.

In~ 1950,. the relodn e pcuir In the rough fragmen-
tation wrill were rrvGdwith Y1-elac;t~ror relays cf the
0A-I type (fi'gure 1),, wkhieh resulted In, thle ccmrnplete
elimination of th~e afo-emintioried vo~r~tcom-ieV1,i almilar
equipinent was suhtieqaeiltly Installed n6 all of' the re-
lodig spouts of' th-. iaediuiw and fine tarttinMille

(f~gu.:x. 2), thus P.u'i- considerable iuiprovernent in
w~ork nltythrn and thEe criplete eliml~riaticn off rc+c-wccr belt
cuttitig due to sprut; clc,.S

, t tile same ~in,~-ele~ctron rela~rs are; betitg us as
qwtý'e In tLurnirti on the automatic core watering systems
at the Instant when tnhe',ore Is brough;ý In on thie conveyor
Celt. Nv' -rxelays are also us'ed to regulate rnediuzr'a~id
fire fr~agmnentation mill loadlng,, completely preventing

m f, o'kwn at this point.
l*rt-n ores erariched at the Y%,iGK are characterized by

a firne-gralri sitruct~re.. For thts rep~on, the enriahment
process is preceded by t-hree fra~inentation stages, and
two pulverization processes designed to~ expoes riAgnet~ite
gitains less than 0.1 millimeters la size.

The roller and ball m~lle at the enrichment plant are
supplied~ with ore by d system~ of' conveyor3 ý;oraioiting of'
two parabolic bunkers of' 40,000 toni capacity (each ounker
oonsiliting off I8 Lectione). The bunkers are. loaded by
two setlf-'anlca ding drive r-oper-ated waagon dollies,

Foll..wlng fine fragmentatioii, the ore is fed by con-
veyor lntoi the upper portion off t.r;e enric~hment system.
Here the ore, strearn brarnchea %-ff onto 'Iwo tran3porters
with dollies uhich unload the ore- Into that Rection off the
bunkcer over which the operator stops the machine. Quite
nsiturally,, the considerable depth1 of' the bunker (10 meters)
and the quantity of d'ist within it aomplicate the deter-
minabicn of' the proper' ore 1evel and letad to disorderly
bunker filling.
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Tm, ei'fectenmý,; of the ýL-l1 ri.'113 ý-.nd qn.-a1l ty of 'he
con:. ?rntrate to a coasideraribJ; c~xtEflt cl!Cpfl( )n the stz~n-
dardIzation of tlie fr,-,manted ore wtth Irespect to ai.i of
its perameters (siz-:ý ton coatect, e.). Orr tai
dardizatton i3 earri,;'d o')U, throu~iý its orderly 2.oa'Jiwg
and unload'.ng Into arid fr.nn) the toriker. This3 can bedone
only with the a'10 of an a-u4-omatik n,-te~r) vhioh wil nocr-
mit. the uriinteaivuted feed½)n ;.)f the ball and roier M1313
and a ttw~h coeff"'cient olf bunker fil~lng.

The YuGOK has also Inistalled a systemr for regula ti ag
paraboll: bunkcer loading3 based or. instrumfen~ts of the 01R
t ype. Th"E btunkers are fUl.1d In the shuttle narrler
stage of autoanatlc ionvoyur operation. The first .iectionr
to be filled are those In whic~h tr)e ore lpvel Is es thadn
4 meters. When all. sectIcns have been loaded tip t(. thts
leve2, t~ne t'unkers are, autoicmvically filled upi to the 10
meter mark. Thus, t'.e automatic ouriker loading syýstem
consi-sts, of the followl~ ag i 1ius 3.' N A ýdle-and
tupper-level sensing units In tlie buiiker , nu 'AC ineters,
respectively); 2) fixedi-position sensing units In the
loading oin over ea-h ge-~tion; 3)a olock of operating
relays in the radlaticr-4 recei-ving units; 4) e octrotv'.
panels to Indicate optiron filling, position of the load-
ing bIli, and sstem' oper~tion; 5Y Pro'rarn-selreztlng
eq~uipment.

The autoniatic- loading bin is stopped over ea,:h tbunker
section t-,Ith the aid of f'Ixed-positicn s-en~sing units.
Each such unit conslats of a single STS-ýi type counter.
The rensing units are pozsitJ/)ried a3.cnf Lhe !Darrier through-

L,1 th length of' loading bin trave.L (f igu re 3R).Ec
sensing unit is so pcsit-ioned that E-ach secif-.Zon is loaded
symmietricallyv with resnect to the tr'ansvcrse plane. I'l
order to achieve urJdf~rt1i. loading, the bin Is stopped at~
two points over each section, resuating in the formation
of four symmetrically positioned cn..nes (:f ore. 3S;.C h a
system make~s possIble uniform bunkcr loadiri- and creates
the neoe~vvary condltions f-oz' ore standardization. The
call m.11-s are fed thr(_x-Uh (o,.t1AftJ in each sectlon of the
parabolic bunkerl the~ outztlt oputas, ar'r powered by a ~n
mand elo-ctro;he'urflfljC device c.. t~ir KFP-12K type oifichi
turns on the mctors onily when a partic-Alar ounker'pc~~
is fillcd dltlh ore; if t.here, is ru orp In thr s-!ctiori,
the power supply Is cu's off.

Y.-electron rA3ays, are u-iployed Iin the z~gLbmer'atior
plant of' tne Coinbiie to maintain a layer of protective
material alon&, the conveyroo belts. The absence Gtf this
matertal. liads, to dl rect coritact hetweeri the belt and a
recidue heated to a temperature of' approyimately 600 deg-



reF-s C, whichi bur.s rougn the Ifoiw~er, husc1-ec
tzrori relays lies made It pecb34 ~e to ellirlnat such mishaps.

The Soviet Union is~ presently conducting studies
dIrceted toward the cr4eution of .radiometvic deviceB and
apparaltuts which coultib usecý in aselving a number of prt,-

,biems involved In mine ýitmosphere econtrol. Thus, for
ýexample, the Central2 Sacintif*.Ic Tiesearch. Laboratoi7y, of the
ýSt~te Mine Technik~al I ppection Bervice (Gosgorte'.Ar~a-zcr)
* &7M th-I~S as developed a portable methancrete-o which
mýAkes it possible to det~ect the pv'eeenýýe of' hiazardous
quantit~ies of' methi&ýne gais in the raine atmrosphere.

Radtome-ýric methodn and devioes, as5 well as vavlour
radJI~oa --ive Isotopes and nuclear radiaticn 3ources are
:being employed in the so3ution of' varicd probl.ema in meLal-
lu!'gy aucb as lncrýEased rneta*l prodt'ctiort z~nd irproved
.metal quality, the~ findingt of' methccts f'or imnprcving the
stiergth cr nietallic stru.c tures., developing new m-_tallic
materials, automating aggregates and processes, and con-
trolling production.

In errous met-allurgry, radiometric methods are emplo-
yed to control the mo'vezent of materials in the miolten
state, the temperature of' fire-resistant linings, and the
coke and agglomerate levels and der'sities. Studies based
on radiometrin techniques have made it possible for several
ýfactorles to improve blast ui-nace operation. Positive
restits have likewise bceen obtained with the use of radio-
active Isotopes in the search for mcre ef'fe-,tive techniques
for pig Iron desuiphurization by metallic magniesitui and
liLme-alay slags. Isotopes are employed in studying the
blast box in a cupola furnace.

Radiometric probing of the blast portion of a furnace
makes it possible to maintCain surveillance over the move-
ment. of molten materials (an electrUi~ally-powered probe
is used at the present time). Tlip resuilt of tests of a
radiometric Iti~tallation for controlling blast furliace
loading at. the Factcry im~nin F. E. Dzerzhinskiy have con-
firmted the exp~diency of using thi1s type of equipment in
other metallurgical factories. Such, a method for c-ontrol-
ling loading levels can be employed in the general scheme
of b~as';- furn~ace nwý-kni,,)

Tne efficiency of blast furnaces to conniderabl~e de-
gree depends upon the preparation of' the iron-bearing raw
material.. and one nf the -important linics In this process
involves cont-ol over irovn ore enrichment and aggloznerate
sintering. The u-:e of radioactive iso'ko-pes in tnis pro-



coos n~a!..lo turrn(i - ut to be eec.. 'rad'.oet-ýr
for det-ermiaingi aff,3on4ýrste diransit.- has been deve.Loped at
the KuZn'etsk Metallurgleal Combine. Test's or the eciliKP-
mernt nnin at the at~glornrate plant have -.hs-.wn that the
t~x.da--t..n of autoratic control over the, degree of agS.c-
merat.z! 1,rivng w~l21 *--ulr, In an appY ximi~t~e Saving; of*
0,2~ -nillion x'c.ublee .a nn-ura at -,he K'i.ar#Ietiik Cajie

At a tnurmiier ofl factories, r-ia('aa.t~ve plugs are
t,. con ý1rillirn blast furnace lining wear, thus making i.t
possible to maintain survaillance ov'-r the stg~te o~f tChe
,11ning v.;hltle the 17urnace is '1r, operation. Wherebes eve-

i.yeailv ago aucih pro~jectl.- werte: undertaken merely for
reýýeat~ck purposes, at the pr'esent t~ime both the Kuznetsk
andZ1ia-3nitcogor.3k Metall'urg.-i-al Combines are em 0 oY ni4
radiometric methods to con-trol fC 'e-resistarit, liningz1.
The rv~nlc-3 of such -ffecrts ha~ve Ynade it possibl.e to effCe-
ct a ,-orlliderable ifrprovement in the design o't oblst fur-~
nia ce i, 'eeih blocks eaid wells. Figure '- ahc,,i a schpme
for tlricluding radioactive 4.sotopes in the thcar~n blc1(k c2"
one olC the blast fuzn-tcei ý!t, the Metallurgical FactoQry
irnini F. 2, Dzarzhinskiy. Tthe mai-n result of uhsse
effo.-ts has been improined bl.ast furnace life and lIncrease%-A
savings ia maintenance coste.

In the steel Industry, radioactive Isotopes are most
widely used in operat!ions whose basic aimr is the improve-
weent of tc~hnological. leve-ls. The results of a nujmber o1'
such projects nave been Introduced Into practice and
yielded cornsIderable benefilts. At th~e Magnitogorsk~ Com-
bine, rad.3oactive Isotopes of iron, sulp-hur and phompher-
ous were a.sed. in. the Wtudy of slag formatiorn prnocesses,
Vhliý'h made it possible to seleot the most effective pro-
cedure for loading molten rnaterials into the 380-ton Mar-
ten furnaces. At the Kuzrietak Combine and the "Azovsta-1'"
FaCtory, radioactive isotopes were used In tne study of
steel melting vat hydr-o-1ynamics. it turned out oossitble
to decrease melting time, as a restilt of iwhicli the steal-
producing effici--'eng,,I, of the present:Ly. avallable Marten
furnaces in~creased by tens of thousands of tons vwit,.-ut
additional expenditures.

Vie Vuznetsk Combine.. Maikeyevskiy Metalluvgical Fac-
tory,, and the "AzovstaJ.'" FV~rnt have a.11" workedo ut radio-
met'ric techniques for, controlling the wear of fire-resis-
tent Marten furnace lining, thus reducing matintenanca t-'rT,,e.

Cf great Interest are the st-udies carried-out 4t thce
Kuznetsk Combine and the Stall-naki~y Metallurgical Plant
on the procesti Df metall-Ic flcv du'ring Exclltig. operations.
With this purpose In. mmin, nmeial tn~ots vwere made to In-
clude raeioacti~ve zones b~i 1introducing ti-otopes Into the



m o 1d a t -..,a -j. c pt.a~ 9 :1'm nt. orl, t E -1z cýtic.rx.n T.1 e
method ol' contact.ac .or y c~an be uSed to determ1ine
the Corf.lsurat'on of c rys tall Izatin zo~nes in the ingot
and the depth of' deformav.Lon zone propagatilon, at--,e~ as
to determine t.he pec-ulla ritieles of ;ýnetaJ. flow in the roll~lng
process, .;vhich Its iLn,,'orJ.-ant- lpo- the rationial callibe t-oll
of' ro]J'ers arnd the 1'ni c f methods to -Lrnprove rolled
stock stlrpngth. 2it.,ur'e 3 Is an autorad-lot-rarn of' a rail
cros-sect-ion obtained by studying the character of' metal
deformeti1 on in the rulling procees.

Also promising is the ueae of' radioactive isotopesC 1.-I
chemic&l labcratorlas In, metallurgica3 factories fo.- the

iPprrous mtetallurpwy tact~ories have inti-odu~ed mnany
autornatl~o in~ conlkrol iný,rumeiitL w-booe opcraticr! is based
or, the use of radlicactive lsotopfs.

At the FaCtory l~ini Dai)y In the city o.41 Kalinini,
scie-ntIsts have ,-;,A• Oit ond Intr'oduced ,, syaitunr for

cc'ctCLdiig liv~id - Ae3~smI n~k(2 nodL2
mqachi~ne crsaLzr. At the Prvesent timre, Corititn'tous
ste-ýi njcring devl.ces f!Yr smnall. cros-sezt~orn sto r

iir~~A~ evr wier i~ibtioni. so that p-8nning organd-
zatio~r%, are alreedy includl-ipg such i.vel-controi'lin;, ce-
vice:3 Into their prceae- control echemes. 3uah a re,,,-,
Jator Is ilndspensao.>.ý In operat.1cns !1-volvir~g t1he r,-. mlId
pouring~ of wetals, S~ince the operat~or has no time toi:
.vat-!i th,* metal level In thc crystall-lzer arnd to, ccntrcl

A r a n."gous regrCator-y systemr has be.en introduced al;
U.,e ý.3e.r-cor'tl1ucus pl4. irk-n ptpe installation at the
Sinarskciy Pipe Factory.

Also clevelope~d and tested .1 a ro-&.ýuliafor for' conru-rol-
']Ung liquijd metal levels In the Cr'.13talnlizers of' coritlr~u-
oUs steel pouring machlnes ct. the c:)rwe)or type (IJRU-6)
which~ will make it pvs~iible to complet-eli automnate, the'
pourin- operation.

Ferrout; metallu-:,,y plants are employitij radi1omet~ric
gaugas fbor nmeasui-,In the thilcknesr, of hot avid ao-ld rolled
Stock~, The use cf' th4Ckneas nlvs to mensure iitock
thickness during. t-he cold reclllný_ proaers Improvez- t~he
quality of the 3tock, `%ncreases rollinlr, aptL-eds, reduces

,tpaes, ar- yleads great navinfz. Thu8, on the basis
of' irnccmnplete data., a single 12-roll mn.13.1 will yield a
savinig of 70,000 roub."es per annumi (an extr-i-mely conser-
vative figure When furnl3hnt: with the new Imip~et.u-
portant savinrgs can f m~ttzrci the iý,,stalldtion cf
thicknees gaxuges in s' ,t she.t rolling mil~ll. At the pre-
speit t~me, such devi:-',L are. heing installed at the Izhor-
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FPerous meta2.3--rgy plaat~z halrtý lat~lý 'been actachirng
muoh Importaiace to the method cf Y(-dePý(.*tos.',opy, wh ich

maes t. possIble to1- aontroli weldod se.-ti, in inaccessib.Le
plac'es, as ael1 as under ;-,rkshop erld ansem'bly condcitions'.
Ll '152.ý the I'Irst Y-control !,ecticras wer'e or'ganized at.
tiie iuzetsk and Magnito~orsk PietallurglCal Coyrbi~ne&. At
tlike present ti~re, doze-,s of factories ai~e using thIs tylpe
of equipment to control..'. welded seamns in the bottomr, of~
stk~l-pouring ladies.. tarnks, pipes, blasit f'urnace -jackets,
etc. Systematic -,cntm,1 Is likewJse inaintainsed over the
quality of ",,iler maintenance~ and c'asting work.

Gx-at. perepectives are being opened up In t~fie~d
of T-dr-f(-toscoDny by the u,.e of elect-mn-ontiaal t~ran6-
formers which uili M~ake posH11le a considerable iiupro;'e-
mpii~t In the control. of such prolucts as lar~e-diamctei'-
wel.ded pipes, etc. Work compl-ated In rEcent year,ý iv
yielded resuilts wi.1ch satiafy the baaB'L ~C7ieafQs of ind,.!.s-
t 17y.

Li non-ferrous metallur;gY, raefioa,.ý'A.ve -Isotopes e±ie
uscci in developing control m.reth~odr, st.1-14yinr thi-rnechan-
Isr.ýi and kinetics of varicas processes, and rinveatigating
the distrlbulLIo-n of znicros,ýopicz Impurieaics In metala andi
allcys.

The use of radioactI~ve .1otopes has macic It possible
in a ifiort time to de-ý,--cp and imiprove technique-s for
obtaining a number of' .-on-ferroiia and raire metals in. a

M~~gblj -u~L~~e, mT±E, diloak~tive -Iso-topes wrere cvi-
ployed In the developnent o~f metricas for obtainir.p- hlighly-
pure zinc, lead, r~cirel, anid other m~etals; these rrethods
are. presently benin, e~tiplcyad at thle rttMrtsink"t and ce-rtain

Studies have beeau ccm-oleted and r.ecoymaerdatilons sub-
mittel "or improving the teohnolopgy rY lcrl~tcc
per raf'Thtng with a. minlrimal cnarination of" the eathooe
ucpper' by noble metals, the elect-rolytic ?roduction of
zincO with a high yield r-er uradt of~ current consumed, arnd
the separ-at-ion of rhealium and molybdenumr. RadioactI~ve
i.Botopee nave been used to study tfte interaction cLf inetals
with electrol.ytes in alurilnum e'levtroly.Iyas and ..c, estr.-
b).ish the 1--easons f-xr reduced yield per unit of ciirrerit
eypendlturi In magneslur. elect ly31 (at the expense of
the anode dissolution of the pig iro~i bloc;k). Mle-Ehoar
have been worked out for' controlling indium distribution
in the hydrovetal~urgica-1 processing of sublimate an.Qrn.a-
tations obt~ained in rion-ferrou.3 ieta.1.lirgy- plan-i-ts.

The uae of radioactive Isotopes has made it po3sitla
to Improve existing methods and to wurk o,.*t neiwtechniques



of r'id eP-',rr,1- sarij.~ls in iani
smalAl. quantities ol' foreignpr m tter (z in, led,, tin, a
mocry, arsenic, phospherous3 gemrniJum, galliumn, selenlurn,
tellurium. nickel, cobalt, iron, silver., and a number off
other mecals) in pure- rntals.

Radioactive isoctC-e have been use'i as indi.cators in
studying t-he mnechanism~ involved In the 3interirng of clay-
containing furnace charges and the kirnet'ls of certain
.react~ions, In the inves tigation of the diz,.tribution of
individuaJ. components during the shnaf6t furnace nvalting.
conversion,. electrical mel.ting~ and fire refini~ng oi` non-.
ferrous inetals, 88 well as in the study of the distribu-
tion of various component's in electrolytic processes and
processes involved in obtaining and purifying metalt, an~l
alloys.

Research work Involving radioactive is:ýopes has
yielded significant theoreti-.a. and practCical data which
make possible a more, correct evalualgoion of technolcgical
processes employed in non-ferruus metallurgy, better con-
tro:l over them, and the detertination of ways for their
improvement.

In-*-he machine building industry, radioan-tive isotopes
hav'e found the widest axolioation in the ýefe:,toscopy of'
metal products. In m~a, ,atr~ thl-eaetoscopy
technique has becomre an insepnrible par't of the technolo-
gical process. It has been Introduced at over 100 enter-
prises In our couitry which are now employing 2000 - de-
fectoscores. The 1-6e of this r~ethod in industry ytelds
great su~ings. frhus, -for exavpls, the introduction of
Y-defect-oscopy at the- T1.agnrog Boiler Factory has reaula-
tad i n aii annual saving of 22.9 thousand' roub;.es due to
decrt-ased rejection rates. The Dnepropetrovak M~etal
E~uipment Factory and the H"husskiy Dizel " Plant have
achieved savings of' 68.6 thousand and 1)4 thousand roubleB,
respectively.

Extensive economies have also resulted from the wide
use of radioactive isotopes in control arid automation.
In their Casting oppratlorks, machine building factories
can make use of' many of the ý-: olsanca techniques. worked Out
specifically for the rnet~llurgical industry.

There have been a number cf sugges361ons for the int-ro-
duotioi of' isotope instrumenttt into die etamping operations
For example,, the Moscow Automnobile~ Plant imin-1 Likhachev.,
the Physics I 'natitute of the Latviarn S.SR Academy of' Scler.-
ces., the Moscow Machine Instrumeniuation lnstiltute, and
the Tall-in Control -Nea'surement Ins trumentat ton Factc ry
developed press lonking devices uiing a strontium a-radf-
iation source dispersed in an enamel coating,



Facntoactive liotcop-e are employed tCor the study of
material, machine, and mechanism wear, making it possible
to observe the deterioration process and the transfer of
metal from one fr'Letion rýurface to another; it can be
used to determine the. jo:.ual contact ar,3a between two ad-
jacent surfacez, to srdy the role of lubri.-ation -4n the
friction process, elvc.

A. ntmiber of salientific research iinstitutes have
carried out altudies of cutting inatrument wear. The
method of~ marked atoms is highly sensitive, requires lit-
tle time, considerably s~mplifies operations, and znakea
possible~ a quick selection of proper cut~ting instrument
mrater~ial..

The use of radioactive .4octopes and nualear radiation
considerebly widenin the bcundarieB cf the practical. pos-
sibilities of chemistr-y and physical akiemnistry. "Studies
of the effects of nuclear radiation on chemnical substances
and processes constitutes the sub~Ject ~matter of a new
field In chemical science--radiation chemistry. The theo-
retical possiblity of controlling the :Zotrse of ctiemilc-J.9
transfoir,'ations by means of radiation has now been estab-
lisbed anid is of great prautlical importance.

HW'ghly-effect~lve radijochemical proc-esses (poiytmeri-
zation, helation, etc.) which require energy expendOItures
onl2y for their Initiation., can be realized on induetrIal
acale by using powerful sources of ionizing radiation,

Thie vulcanization of rubber~ by radiation results in
the forinition of rubber prodtucts,. in-31uding tires, which
differ bcth in structuare anad properties from ordinary
rubber goods, Thiey are characterized by improved dura-
bi~ity, stability in the precsence of hi~gh temperatures,,
014S,, and ahemical).y ac.;gr'ess lve media., and greater streng-
th under the influenut, of riur.-erus dei'ormationa. The
?hysioal Chemistry In.zt".itute irnini, Karpov and a number of
othe 'r org~nizations have demonstrated the possibility of
Vulcan-Iriag rrubber by Pleaas of radiai-ion walthout the ad-
dition of sulphur. The rosulting rubber has great ther-
mal stability, which is particularlj important in. the
case of tVio thiocols. Also promising is the radiation
techn~cques for obtaining graft oopolymers and the tech-
nique of binding various po3y.-ners by radiation.

No less important are the processes of radioactive
halatilon, i.e., the introduction of chlorine, bromine,
borort, and icdjrne atoms into the molecules of the various
sub3tances which is nlow widely employed in chemical tech-
nology for the production of toxic chemicals.

The radioactive technique cf obtaining bexachliorane
has a number of advantages over the photochemical techni-

1 13



qu.
Nuclear radiatikrs make it possible to increase the

effectiveness of cataiytic processes. Methods are being
worked out for the radiation-thermal cracking of hydro-
carbons for the purpose of improving end-product yields.
Fadlation-thermal cracking of petroleum and chemical raw
materials can proceed at significantly lower temperatures
than ordinary thermal cracking, and in addition requires
no catalyst. Considerable savings can result from such
a promising technique.

The introduction of new types of synthetic fibres and
rubbers, as well as increased machine speeds in textile
mills and other ihdustries which handle dielectric mater-
ials involves the accumulation of quite large electrosta-
tic charges on the material being treated; these result
in high rejection rates and are dangerous as fire-and
explosion-causing agents.

Air ionized by radiation becomes electrically conduc-
tive; this is important for combating electrostatic char-
ges in the artificial fibre, textile, motion picture, pa-
per, rubber, printing and certain other Industries.

In the chemical industry, rtdioactive isotopes.and
nuclear radiation are finding wide application in auto-
mation and control devices. Mass-produced densitometers
are used for the automation of a number of processes; the
automation of control over the concentration of the salty
acid formed through the absorption of hydrogen chloride
by water; the regulation of the intermediate lyes and
caustics, the drying of electrolytic lyes, the regulation
of gaseous chlorine d-ying processes, etc. (-densito-
meters are used to control the movement of petroleum pro-
ducts through pipes from one processing stage to another.

The application of radiometric methods as a means of
controlling chemico-technological processes simplifies
the solution of various technical problems and curtails
the time necessary for investigating various processes.

The method of radioactive indicators is being widely
used in tests involving the evaluation of fuel and lub-
ricating materials. Studies are being made of oils and
fuels from the standpoint of their sediment-forming poten-
tial and the mechanism involved in the effects of admix-
tures on lubricants. Also of practical interest is the
possibility of employing radioactive indicator methods
under factory conditions for evaluating the quality of
lubricants, admixtures, and fuels, as wells as the effec-
tiveness of neutralizing oil admixtures, the lacquer-
forming properties of oils and admixtures, and their cor-
rosive aggressiveness. Significant advances have like-
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wine '~nrn.sdA in 3.t~dcilanal-451ii aetiOdiS fo.' inu-.
te tracam of variou:* ele!"Irnte.

F1xl-?skrely Prom.'ingia t~he u8. of .~adloactlve,3 isc-
topt-8 for 1.:he Puri fcatt1or. of indliaiti'lal Sases.~
ioniving wnste industr~ial gasiýe with thce aid of~ radi~o-
activity, It i% pousbLJ- to -'I~ate Props-'r 0-ýIlditiorls for
txe ccazculation eand siib3P4*u~e:At remnoval olV tiny frationa
of dust fromr these Sases t~is in, turn will wlske it pos
riblc to make prctIna-l -use of' thei du~st and to purif'y tile
atr;1--)phere toth with~in the plant arn.d thc surr'ounding pop-

jRsearch 17, the F~i~e2.d oI Pnhysl-a

The signifcanjue of~ jUtlIz-ng advancea In nu, vr
pniyalcs inr the various Le.l~ds o'f sileca- anid teh.> 0.'F

consisits mnainly in the fact ti~it we have develupd a
amrata."lIj new technique of stud~ying various process~es
taking~ plaice in matt~er andi tli't propertlez of m~atter itse~lf.
Mi,*5, naw possibilities have opened up for deeper study

of vairiouza laws wahloh dete-rmine the behavlor of substances
under different Conditions. This In turr.i is a contri-
buting. fact~or to the accelera.tlir of technical progress,
With reference to the develc~pmeft of a number of scienti-
fin fields$ the pods~lililty of extelnsive use of atomic
reactors a~nd accele'bcor,, for r'esearch purposes is of
dectulve Importan-3e. Phiysicists and teohnicians now have
at their d.1isposm2 a whole series of -resiarch at-omic re-
actors spocial~iy daigned for various specialized purposes
in~ many of th4 scientific technical centers of our ~country

(Moscow., loenlngrad,. Kiev, Tbi~lisi, Tasfl1-.ent,, etc.).
Tw vork achedules for these reactors iinclude many Impor'-
tant scientific problems. In various fields of science,
imp,o)rtant xeseareh prcgrams have been and are being car-
ried cut uning radioactive And stable i3otopes.

Radioactive isolcors are finding wile application in
the voluttor,. of prob.'A~ems invol.ring the development of new
types of' ý!ieel and al~oys, as well as the investigation
of the baotc laws o." their' thex~-ai poebsing. New data
have been. otta-Ined by studying the difuasion, distribution
of elemenLei and initeratomnic intera--ti~on in metals and

'itff,,asioa atudlres hav~e yielded xresults which make it
poss"Ible to eatab1&]0h se~mveral laws having to do wi1rh the
leve~l o~f A:ffuslve mabiJli.ty of' various metals an~d peri-
Mortal diftusion,, as well as donor-accepcox, atomic inter-

action In solid sol-ationa. Of special importance are
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the results having to do with t-hc micro-di:3tribution of
admixtures and b~riding elemernts in alloys based on titan-
lum and zirconium now coming into wide use in the atomic
Industry. it hasr beei, shown, for example, that the heat
resistanrce and resistance to corrosion of zirconium alloys
to a considerable degree depends on the presence of large
conri.eAtratIve heterogeneities at the sub-boundarIes which
arise as a result of interactions.

The Institute of' Metal Studies and the Physics of
Metals under the Central Ferrous Metalv Soientific R,-
search Institute, Moscow State University, the Mo-cow
Steel Institute, and other scientific agencies are enga-
ged in studies on the deternination of the saturated
vapor of various alloy components. Already studied are
the ir)n-carbcn, Iron-Qhromlum, nicked -chrmium, etc.
The resulting data on vapor elast.city have made possible
more oomprehensive thermodynamic analysls and a clarifi-
cation of certain peculiarlties of interatomic interaction
in solid solutions. The successful development of these
thermodynamic studies is due in large measure to the
application of radloactive isotopes, which are an impor-
tant exper-imental tool in this area. The research pro-
gram involves the use of radioactive isotopes of iron,
chromium, nickel and many other elements.

In the field of radiation physics, there have been
significant developments in such important fields as the
study of the action of nuclear radiation on the propner-
tJes of structuxal and semi-conductor materials, the in-
vestigation of the physical nature of radiation effects,
the study of the mechanism involved in the interaction of
radiation with matter, as well as the radiation treatment
of 3olid bodies for researches havlng to do with the Im-
provemnent of our concepts about the mechanism of the ac-
tion of various factors on the properties of' solid bodies
(strength, electrical conductivity, plasticity, electrical
and magnetic properties). Such wcrk is now going cn at a
number of scientific institutions under the USSR Academy
of Sciences and Republican Academies. Date resulting
from the most important of these studies have appeared in
periodicals and have been presented at international con-
ferences on the peaceful uses of atomic energy. They have
promoted the development of atomic power production and
other imoortant technological areas. As a result of re-
search carried out by the USSR Academy of Sciences, we are
now familiar with cerl..ain individual details of vrocesses
taking place in metals during irradiation. Of practical
interest are data on the effects of metal irradiation by
high-energy particles, as well as analagous studies on
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Of' great importzr~o jr. ;3oid ,.,tate phy'sics 13 the
possibility of streng"',nning metals by irradiation. In
this area, the pri~mary rcle is playod not by the practica].
use of r-adiation to str;ýmgthen metals,, but rather by new
pos~ibiiities In the study of the physi,ý,l propertiesi of
existin3 high -strea~r. th metals.

At the preseat time, we are familiar with several
methods of stre-ngthening meta".s. Ln particular,, the
strerngtzi of puremetals and alloys can be significantly
increased by thermo-mechanical treatment. . ccording to
existing concepts, plastic deformation brftrigs aboutk the
strengthening of metals by giving rise to struactur'al de-
fects laxl'gely in the bouandaries of friction between indi-
vidual oz'ystals. This is accomp~nined by extensive kernel
fragmentation and a number of other accompanying phenomena
which complicate the study of the mechanisms involved In
the strengtheniing and weakening o.'&% metals.

Irradiatilon likewise results in thie formation of
defects in cry-staline structure which are different,,
however,, than those arising lar plastic deformation. Rad-
iation defects appear under definite coaditiorns without
any fragmentation of the metallic erystalB,, and are in
general features comparable to the fine-dispersion produc-
ts formed in dispersive solidification. The strengthen-
Ing of metals by irradiation its determined by the fact
that dislocations experience added resistence to their
movements as a result of interaction with the radiation
defects. Attempts have been made to use these concepts
in explaining such metal properties as variation of the
internal friction levz.J a~nd the elasticity modulus, the
raising of the viscosity limit, and a number of other ef-
fects characteristic of irradiated bodies. But all of
these assumptions frequently bear an extremely general
character the reason for which lies in the insufficiency
of cur icnawledge of' the physical nature of radiation
effects and the meahaniam involved in their interaction
with dislocations and other structu.ral defects.

It should be noted.that much data has appeared in
recent yea~rs on alterationis in solid bod.Les due to irra-
diatilon. But these data do n~ot always make it possible
to form a clear concept of the nature off radiation effects
and the mechanism of the~ir behavior in solid bodies.
This is partly due to the fact tha~t the Irradiation of
metals is usu~ally conducted in complex fields (neutrons,
as well at wj Y -'- radiation)., and with the use of strong
douies of' r~adiiactivity. For this reason,. studies con-
duated over the last few years have concentrated on the
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action of sm~all doses of homncgerieouS t'adloactivitt uging
such sensitive reasearc~h tools~c as i~ntel,ýsl frieatton.

Scientizts in the Sovic-, Unlor. obtained the, firstc
conmprcahensive set of data o-r the effect of the pm~llmiri-
dT'y i'rsdi~tion of austpnitic steel by fast rkeutlrNns on
martensi~tio tanifo'ria t5on.

The Inistitute fo.- tr7etal Studies ano thc Phyjlcs of
Metals under the tCentrp.l Far*.-:oua Ke',tals Scientific Re-
s~earch Tnstitute i~n c'ooperation with the Theoretical and
E3xperimrental Physics linst-itute has carried out extensive
experimental progisms on the study of rretals, by-metallic
alloy neutronography (the study of' Interatomic Interaction,
atonti:, ordering In magnetic alloys, str'uctural alterations
under the actilon :)f h.Lgh pressures. etc .4 Ftiomre 7P-.b
shows a neutron crystal epectroineter, wIAl-e Fi garc 8 conk-
t ains a diagram of' t~he ,set up used in tlhe nev~trancstrotc-
tux'al analysis program. Research in this niea haq
served to confirm thart 2arge vmonocryscal~s of if-on-nIC1,-e
alloys grown from the molten mixture., both of tne bina~ry
type and those bound by third element, consi.st of' frab-
ments disoriented with relation to one anotber in appixxi-
mately the same degree as the t"Iles in a mosaic. Van'-
tous fragmentsa of one and the same monocrystal car. differ
frcom one anoi.her ~agnificantly In the degree of mosaic
character. Results obtained in this work are of' Interest
both to crystal growth theory and from the 5t~andpoint of
Improved neutronostructural analysis methods.

Of' great significance to the development of' new mag-
netic alloys Is the study of the atomic ordering in
solid so'Lutilon. By studying the magnetic portion of
neutron dispersion, dmýailed studies were carried out on
atomic orderir~g In Iron-nickel alloys of' the peirialloy
class of high magnetic permeability. Direct data were
obtained on the existence of' a superstructure in the
NiFecorIpo~und and the effect's of a third element (copper,
chromium,. or molybdenuim) on that super~structv.re. An
ana~ylys of' the resul';.t made it possible to rende'r a morn-
precise diagram of pr~isp equilibriuir. in Iron-hickcel alloys
and to draw an impor an conclusion about t~je special
ferromaugnetic nat~ur'e of the energy of atomic onlring in
these alloys.

Other systems- in whl.2h atoWmn. ordering plays an im-
portant. role. in thermnal processing arc_: the iron-cobalt
magnetic alloys whicý,h are also extremely imnportant du--
to their high magnetic satuaintion. Mcutroriograpbic data
on t,ýiese alloys made It possible to establi~h the presen-
ce of' an anomalouaily wide conlcen~trative region for the
existence of a superstructure. In the equiatomic Per~o corn-
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~E~~thplr t. 10an.l t~rrati ne
4.roma tl:'eo: t,.) t-,Ke iords tatc,- i,&, thie iron-ý,.-balt
systemi arc. to be re'lirded ý- ,-corj-or'der phase caaage.s.
Figu~re 9Is a neutrvi.rograr' of an Irnri-,ýohblt. alloy.

ThNe centr'ul FerI.rous ?Meta:A. ScetFiesearch lnstU-
tut, ~?-3 morn1ted a. thuo--ýetlcul study h.avirng tc do Ulti
a of ~ noiitrox defrn otion by aiusteaiitic .orystdls
Conr~iary to tivy cpinica o01 ce~ain f'oreigni scintistB , It
has row been proved rth. it 11^lu possibl~e to determine the
position (ýf arirbon atoms in the crystal lattice oAf au.-Stezi-
Itic steel. The experimnentali por-lon of the progýýra was
carried c.-ut at the First Ato~mie Electrical Power Stationl
(USSP). The -esults obotained have confimied the concept
off the ?)-tahedral varlent, for uaroon atom 1o-2atiorls in the
austenitic crystals,

In conclu~ica, i~t should bc~ noted that poaib1iJes
f'or the ratiorna") u,,, of ~.-otopr~s aad nuiC-eav, I'dac -A

saience- arid -iholg re far~ Vromnehvtd ~I
one cf the tiMelY tRSfr2 Of P11Yiyic1itS to fiod new ýA
emplcyilig isot-opes Ar, soient~f~e rnseavr-,i ai-A* ~r-11,s 1- :Y.

It io to be expected that ni~w results of fu-n*darent.;a

the fieldi of nan1 rlear pyst,,s in the very cioar

RýZccived ?0~ July, !)E*'



Figulre 1. Conktainer with radiation sourc~e of -electron
rel..ay on reloading line (indicated by arrow).
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Figum* 6. Autoradiogrr' of' Zr-C system X 56 )
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Figure S. Diagram of installation for neutron structuralanalysais.
1 -- Re~actor tank walls;
2 - gra-pbIte reflector;
3-- Conrete shielding;
4 -G Gt valve;
5 -- Gate valve motor;
6 -- Plug with slit collimator;
7 -- Monocbromator crystal unit;
8 -- Lead crystal;
9 -- Shielding of boro-1.containing raterial;
10 -- Sanple;
11 -- Shielding tanks with water;
12 -- Steel gate;
13 -- Sp'ctrometer detactor;
14 Detector shielding;
15 -- SoreenIng box;
16 -- Spectrometer support rail;
17 -- Electric motor amd reducer of operating assembly;
13 -- Selsyn motor to operate deflection meter remotely;
19 -- Counter-monitor;
20 -- Background level counter;
a -- linear piilse amplifiers; b -- amplitude discriminators;
o -- sealing devices; d -- mechanical counters (last two ele-
ments mounted on control panel).
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A REVIEW O1 GOSATOATIZDAT BOOKS FOR 1960-1961

lollowing is the translation of an unsigned
* series of items in Atomnaya Energiya (Atomic

Energy), volume !l,-#-4-, c 36L, pps.
40-15.]

What follows is a survey of publications on nuclear
power production and allied scientific and technical
fields issued by Gosatomizdat in 1960-1961. However, due
to the scientific and practical value of many of the mat-
erials included in the Proceedings of the Second Inter-
national Conference on Te-- ul eases oTtbtmic.ne rgy,
I'dn-v 1958), it was decided that these voIes0st lu-1-
also be included in the present survey.

The literature considered in the survey is grouped
according to five subject headings: "Nuclear Physics",
"Nuclear Power Production", "Nuclear Fuels and Materials",
"Protection from Nuclear Radiation", and "Radioactive and
Stable Isotopes".

In a few cases, certain deviations rrom the scheme
have been permitted. Thus, for the readers' convenience,
publications on radiation protection in reactor installa-
tions have been inaluoed in the "Nuclear Power Production"
section. At the end of the survey there will be a des-
cription of three popular scientific works particularly
noteworthy for their comprehensiveness and character of
presentation.

Proceedings of the Second International

E n e r g g 7 ( e n e v a 9.. ' . .

/~ote 1! Oosatomizdat is the State Publishiag House for
Titerature in the Field of Atomic Science and Technology.
Its former name was the Publthing House of the Main Ad-
ministration on the Uses of Atomic Energy under the USSR
Council of Ministers.7
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gTte ro-i,~~~~ th.a Second O-ereva. Conference
consist of a 6-volune set~ :.r papexla by 61oviet. sclentists
and a LQ-voluyre set of' selected papers by foreign scien~-
tists.!/j

NUCLEAR HYrSTVS. Papers on the physics of nuclear
power prodctlion are -lu.-.lectfd In volume 1 oi' the repoxts
by S,.,iiet Selentists, Nuclezar Fhy,ýic3! and Volumes I and 2ý
of the sele,ýted pap~ers&T~y43nvW_~ Ie-scntCsts entitled The
?h'-sics of Hot- Plasnma and 1Thermronucleai' Reactions and-

8Y.F The --r~T -ET Ti=V-3Jii-e-uc lear
TE1i Ea- ~I -; 1tt placms. physics and the prmb1em of' con.-
trclled theim-onclea-A .eaaticns;* it opens with a survpy
re~pot'% by Aica,.einlcarla L. A. trtsirnovich on research in.
this fteli going on in theA- 'Soviat Urlo i-1, The othier' p;?pers
cc~ntain tft-e reaults- of studles on high-vcltage pulsel dis.-
charges. A. s-ýies of' vepor'ts hac., to do -4th the pr<:b2.em
of nJlabm 3tebility, the staiization --,f plasma vitn the
ale- o2f het-erogenecus magnet-Ac fields, and th'-e -lorstriction
of planwias b~i high- f requeafv.y elcc om.a~netic fields. A1so
of interesý was a paperý on plasm.a radiction An a mragnetic
f '.e 1 i. One of' tCh report.,, ccn'.ýains a theoiretical analy-
sis of t~he problem of cimple aid atn-'~k magnetohydrodyna-
mic wavfes. Much attej.,;4-Aon is deveotecJ t-o exper,1ment-al
meth"ods of' i-tudyin, a~m perameters. The aecond part
of' the volunFe tinc-ludes pa,,,r I on, nuclear physiCs and cer-
tain problers of charged pc~rticle ac, .ele ration.- tie ini-
tiate of' o a± n, ' the synicaropha-sotron, Soviet st--u-
dies of' cosaaic rays wilth the aid of' rackets and artificial
earth sate).tAtes, n-u !:ear heavy-ion 'ecinnuclear fi3-
PsiCo asyrnmctryO neutrlon radiatlon capture cross-sections,

'1he vo2 urn Hot Plasma Ph-sics and Thiermonuclear Re-
actions containssummarlis oEe isan ft8.
Sevtal survey report,- deal with the development of' thermno-
nucleer research in the capitalist countries. Most of the
papere have to do withb the problem of plasma configura-
tion stability, az well as the theo-L'y of' plasma heating
with the aid o,ý electr'oragrietic f's&sand shoý* wav;es.
Many paperu contain de-tailed de~jcriptions of' devices and
experr-.ýtal repultji on ins atllat'ions with various rnethods
of pleasma beating and capt~ure (toroidal systems, stellara--
tors, magnetic traps, etc.). Several papers includc sur-
veys of' measurement techn.iiques used in studies an control-
led thernonuclear reactionse in. Creab Britain and the US.

11he volume entlt1ed Neutr'on Physics Is partially com-
posed of Liurvey reports u-n-EfFasFF5~m of' neutron
phys.-es. The papers In this .,olume can be classified ac-
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and properties; cros-' -oections of neutron interaction
with matter, including structural materials employed in
reactors; nuclear fission, fission products and radiation;
resonance capture; neutron retardation; neutron thermnal-
ization; modern t.hods and techniques for measuring
neutron cross-section, streams and neutron spectra. All
of these categories encompass a large body of theoretical
and experimental material.

NUCLEAR POWER PRODUCTION. This section includes:
volJume 2 of the papers by Soviet scientists entitled
Nuclear Reactors and Nuclear Power Production, and volume
S4 of reports by foreisgn scefnt-s_,9ueiear Reactor
Phyis, and Nuclear Reactors and M'uclear Power Production
The fi.rst pa rt- ?vxo--uým-e -- e-s~wtliF'o~v ta T~ Wt~~cýwe r
production installations, while the second describes ex-
perimental and test reactors, as well as experiments and
researcn conducted with this equipment for the purpose of
improving reactors. The third part, largely theoretical,
deals with the problems of reactor physics. It also in-
cludes questions having to do witn reactor design methods.

Vclume 3 consists of three parts. The first covers
experiments on the study of various types of reactor grids
as well as several types of reactors and reactor systems.
The second part deals with the problems of reactorphysics
and questions relating to theoretical, reactor, neutron,
and mathematical physics. The third part contains des-
criptions of reactor kinetics, fuel cycle calculations,
and reactor safety pr:.'blems.

Volume 4 contain: descriptions of the basic types of
foreign power production reactors and atomic electrical
power stations. It also deals with the economics of
nuclear power production and nuclear reactor applications
not related to the exploitation of chain reactions for
power production purposes.

NUCLEAR FUELS AND MATERIALS. This section is made
up of volumes 3 and 4 of the papers by Soviet scientists
Nuclear ruels and Reactor Metals, The Chemistr of Radio-
active Elements and 1 ation Trans'ormations, and volumes
5P, Bo,77, 03• TZ of th•-rel~e7e'd reign papers, The Chemis-
tri of Rdioact-ive Elements and Radiation Transfvo ti? ns,
Nuclear - aels- 5eactor Rterials, The TeCainnoly of Z
Atomlc Raw Leriaih,--and Th eogy of Atomic Raw Rat-

The first part of volume 3 deals with materials
having to do with the geology, mlnerology, prospecting,

131



enrlckLment, and r'eprocessine; of atuomic rsw materials.
The second part deals with pm'blems in metallurgy, metal
studies, and teohnology as they rx)ate both to nuclear
fuels (uranium and its compounds, thoritm, plutonium),
and a number of stractural materials (zirconium, beryllum,
and their alloys). It also includes results of studies
on the physical and corrosive properties of reactor metals
and the effects of neutron ivradiation on the structure,
properties, and dimens.'onal stabilization of the fuel,
i.e., the results of investigations of many of' the most
important problems in modern metal studies-

Volume 4 of the papers by Soviet scieatists covers
modern methods of reprocessing irradiated nuclear fuels
and contains results of studies on the chemistry of ruth-
enium, thorium, uranium, plutoniuin and americium. Also
treated are the problems involved in radioactive waste
sorption and burial. Several papers are devoted to in-
dividual problems in radiatLon chemistry.

The papers In volume 5 of the selected reports by
foreign ecientists deal with the problemis in the chemical
-eprocesaing of irradiated materials, analytic control
methods, methods of removing and disposing of radioactive
wastes, as well as several problems in the radiation che-
mistry of polymers, gases, water solutions, and both
solid and liquid organic compounds.

Volume 6 includes a number of papers on the metall-
urgy of uranium and its alloys, the metallurgy of nioblum
and structural materials, the metallurgy of uranium,
uranium alloys, and plutonium, the physical, thernodyna-
tiac, and corrosive properties of uranium, plutonium and
the alloys and compounds. Also considered are the pro-
blems involved in the effects of neutron irradiation on
nuclear fuels and structural materials, as well as ques-
tions having to do with the technology of heat-producing
elements manufactured.

Volume 7 includes selected papers by foreign scien-
tists having to do ityi the technology of atomic raw
materials. This volumý. has five sections: "The Leaching
of Uranium and Thorium from Ores and Their Precipitation
from Solutions"; "Sorptive Methods of Extracting Uranium
for Solutions and Pulps"; "Extractive Methods of Removing
Uranium and Thorium from Solutions and Pulps"; :"The
Preparation of Pure Uranium and Thorium Compounds"; "The
Preparation of Uranium Hexafluoride and its Reduction into
Te trafluo ride".

Volume 8 of the selected reports likewise contains
five parts. The first has to do with general problems
In the geology, geochemistry and minerology of uranium and
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'thorium; the second Is made up of 10 ý-egloaal surveys
of the present state of the uranium and thorium resources;
the third contains descriptiorns of individual uranium and
thorium deposits; the fourth covers methods and techniques
for surveying and prospecting foz uranium and thorium;
the fifth deals with berylium and zirconium geology.

RADIOBIOLOGY. Volume 5 of the reports by Soviet
scientists entitled Radiobiology and Radiation Medicine
deals with four groups of problems. The first groUp'as
to do with the peculiarities of the biological effects of
ionizing radiation, long-range effects of radiation in

* small doses and genetic radiation effects, as well as
several problems involved in the treatment of radiation
sickness. The second group of papers has to dowith the
use of radioactive isotopes in. biological and medical
research; the third is concerned with the appllcation of
atomic energy in mediclne. The fcurth group is rmade up
of papers dealing wita the absorption by soils of certain
groups of uranium fi-,.iorn products and their gradual
accumulation in plants and food plroducts.

Volume 9 of the selected papers by foreign scientists
which bears the same title as volume 5 of tne Soviet
collection contains papers on stx topics: the biologtcal
effects of radiation, protection against irradiation;
work hygene at atomic industrial enter)riseo; the use of
the method of marked atoms in biochemistry and physiology:
the applications of atomic energy in medicine; radiation
genettcs.

RADIOACTIVE AND i'ABIE ISOTOFES. Volume 6 of the
papers by Soviet scientists opens with a paper entitled
The Use of Radioactive Isotopes in the USSR in which the
author presents a detalled survey--'l present state of
efforts in the use of isotopes in the national economy.
Two reports in this volume deal with the problems of pie-
paring materials for irradiation, the irradiation of
various samples, the reprocessing of irradiated materials,
and the development of methods for remote work in radio-
chemical laboratories.

The four following papers h2,ve to do with the appli-
cations of radio isotopes in industry and technology.
Five papers deal with individual problems in dosimetr2y.
The last eleven reports have to do with various aspects
of the use of radioactive isotopes and ionizing radiation
in agriculture. They describe the results of studies of
photosynthesis with the aid of quantitative radtometric
methods for investigating the conveyance, distribution,
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tina ýL-i -nsforinatacon of certa'ir pL,, iolc-ic~a1?y active Sub-
st~..~;within the plant,, the abscrpt'-icn of phosp)ý'ern-s

by agri~cultural pl.ants &3 dote-mrt- '-ed by their resistance
to oold,, the use of ra,-`Icactliva fscto-es in the study of
plant proteetion, etc,

Vo.lume 10 of' ~eK. :,ed rr'ports by foreign seientists
e~tt1~The Ptepaza -.- or. andc Use of latop~eo conolste of

four parlw3ft TH~e sitC e1dT h~ever-al.
Methoda of preparing st~able sani radioactivje 1sol-ores,.
techniques fcr syrnthesI2.ing marked organic compourlds.,
radio idiGmical Ina"Callatioas for Ithe pr'oducI~ion of Isotopes
f'rom uranium fission produnts, and wethods for produci.trig
raedioisotopes of high specifia activity; the second part
ic devoted to desigzns fcr Inc talla.tions and n.113t~umnts
em~ploying r'adioactive isotopes; it contain& a numter of
in~teresting examples of rmd¶o isotope application; t-hc
third part acntains descriptions of apparatus and metlhods
of' registering ionizing radilation; the four'th ernc14des
dsetiptlons of laborp.'cries end equipment for workc vwith
radioactive materials.

Nu~clear ýjic

0:PLclear Phyvics~, Neut-ron Physics, 1Vu-,,ear Reseatrch
M~ethods).

'i~he book by P. E. Nemirrvokly entitled Mode-nz - W)delIs
of' the Atomic Nucletis (1960, 3"0 pagen), is Bae 6'.'V - xeij epaprs of recent years,, ir -

c Ou- the auchoreI own orii,-ina., articles. In rtca-or-
r ifith Its tilthe book covers the f&ollowing.

'ý 0ý" o Gi Sh I no de 1 the genexral or collective model
of&' the~ ri.,Ieus; and .4ina.'Ly,$ the opt-ical nvuclear model
and ita relation to tile formier. The book c',onaluades wit~h
an eywitinat.ion of ra1-ioact.-1?: tra~nsfomiations in the first
two m~acela and the a~iainof the gener-alizedl model
to alphe decay theor., Th(-. withor iizi avoideed cunber-
some mp~theiastical ex}.-~:l1r and, i'oi this re-t--on ois
bcook icw auceptable to a ~ tre ~g num~ber o, readerai.
The bibliograiphy of tlhis triterest~rng book abou~v lot-irnergy
niucleai, p!r)cesseL contains 300 titl1.es.

N. B, . i4"elipa ts book antitit.,d Introduct:icn to kulz~ipe
Se~atter~j Theory .1-60C, 159q pagvs=,FT areh onere

upleturespresented by the author at thie Moscow EngiiY,-
eering Phys~.cs Institute. Despite the smnall size of 11011
book., the author has succeedied in describing~ methods f~or
solviLng probl ems irivov7.ed in the passa~e of' Famina-quanta
eleotrons,' and neutrons~ through matter taking multiple
scattering into account. The book considers the sources

134~



of a-yInri geometri£cai fcr r aad inalude3 a nunmber of cal-
culated examples. This work. is particularly timely at
the present time, especially in connection with the prac-
tical necessity of calculating and contructing biologi-
cally protective equipment.

Cf considerable 1nVrei:t il Che collection of articles
entitled Aparatus for_!Iuclear sTehrromat y, 1961, 434pages, edited by S. 8. K cn and 77.VMatveyei. The
first part of the anthology, which contains four articles,
considers spectrometer 3ensing units in mass-produced
apparatus (sintillation counters, photomu~tiwplier3, light
guides). The second part (seven articles) describes the
electronic apparatus of spectrometers (a non-over egula-
ted linear pulse amplifier, a precision mean hounýing
rate meter, a single-channel spectrometer wbWh a resol'ing
time of 0.3 microseconds, etc.) The aaterials in thiý3
collection can be used in other fields of saience and
technology in the design of various types of control and
measuring apparatus.

Special problems in equipment design for nruclear
research in cyclotron laboratories are comprehensibly
treated in the book by L. F. Kondrashev and N. N. K1aldin
entitled Equipment for Nuclear Research, 1961, 148 pages.
This repreits ge Iai •jn of •he work experience
accumulated by a team of designera and physicists at the
cyclot;-n laboratox7' of the Atomic Energy Institute Imsni
I. V. Karchatov under the USSR Academy of Scienoez This
is the fIrst book which gives sufficient attention to
certain obscure problems in the design, construction, cal-
libration, and operation of special equipment employed in
con'unction with the cyclotron in nuclear research, as
well as in the adjustment a-nd op('etion of vhe cyclotron
itself. Many elements of the apparatus described can be
used in non-cyclotronlc laboratories as well.

A collection of articles entit2ed Neucron Physics,

1961, 371 pages has racently appeared ueip
of P. A. Krupchitsklxr. It contains original articles
by various authors. The four sections wIch zrake up
this collectlon deal wi;i the folle]oing problems: neutron
retardatlon, resonsn-e absorption, and dif.fNusion (18
articles); fission, fragments, and secondary neutrons
(6 arti•les)i interaction of fast neultron with nucle-.

12 articlesS; and gamma raciatfton in neutron captures
4 arti.cles). The bock is of great interest- both to

theoreticians and engineering pnysiciats, particularly
those concerned with the calculation and design of reactor
installations.

A recently issued publication of the textbook variety
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for high~r% e-u~catlonal astlifutior)E 1z t-he Collection vf
?roblems in At~omtu by~cs~ I. Ye. £ rodo v71f5UT, 3
pages, whic Has-iirjaidy ude~r~gorle 2 editions. 'The book
contains about 8350 problems with rufficiently detailed
directions fnri t'.-l solu~tionrXo the more compJlicated ones.

Another work whi,,.1 might serv\e a3 a text for physics
and engineerIng physics students is Atomic Phykics by c
Ware anid J. IHicharus,. trans-lated f rom Elie nTn-ls, , 1961,S
which represents an Introd'.iction into modern atomzic physics.
It deals with the atoc4iistic concepts of matter, electri-~
city, madiation, the R~utherford and Bohr model.s of the
atom, the foundations Of' relativ.-ty. theory, artificial
and natural radioactivity,, nuclear reactions, intranu.clear
energy, elernentary particles,' and cosmnic rays. The appen-
dices contain tables ofI' sotopes, a~torn~c constants, anda
other reference ate rtal. The authorzr examine the fulnd-
amenta2. problems of atoi.i A.1ic wi'AJý4.Ut eITjployjirg wr.
picx mathematical tools and go al.ong way to,.ard 2li,
the need for a book of this type.

Two ot-her recent"ly translated works, on nuclear ph~' -
sics are V. Davison's Neutron Transfer Theuo. from~ the
English, 1960, 520 pages., andl Tab~es or. Nucllar Spectro-

sobY A. H. Wapstr, 0. 1. NrTHT and f. an Lirhi.t fY- ,1 _F
theEnglish, 1960., 178 pagen. The book by V. ri)-vison is
the world's first monograph giving a full preseni~ation of
modern foreign matheaiaticeaj technique3 for solving pro-
blems Involving neutron dispersion in varlotis media. S)o Ie
techniques are described in the book for the first timne.
Translation editor G. 1. Mlarchuk has included a bi~li!:-
graphy, footnotes, andi an appendix giving thie fullest
possib~le in.VormatiAon about Scoviet research In the same
field possible In a first elition. The book of tables
on nuclear spectroscopy was Intended lay the authors to be
a brief handbook on ý-,ý 0i C spectroscopy, for this rea-
sor. most of the data are presented In the formi or. graph&
and tables. Brief annotaticna facilitate the u se of
this referenece work. The (rirst pe.-t. of the book contains
general mnathematical tables, atomi"c conetan-ts, an. a des-
aription of method.% ýor pro.zessirig experimental results;
the latter part ncontainiv,- spcactrometer oalibrt~tion stanid-
ards. The handbook likewise cont-alis theoretical Infor-
mation. Of special Interest are the chapters on nua1ýar
models and angular diatributl.ons and ccielations.

A special placE among 1xocks on nuclear physics Ic3
occupied by the work of T. Ai. Yampol Iskiy oalitled Th,ý
N~eutrons of Atomic Explosio-,is, 1961, l:q^ paý,,Cs, aiid T;T
56POeain ~rus -- mf~ English, 1940,. 11 C*gs
The fI ~ W~~rbsthe physical pleture of pro-
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ces3es arlising ae jo'esuit of ucunrons rrocuced in an
atomic explosion. After an introductory exposion of the
foundations of neutron physics, the author discusses the
spatial distribution of neutron following aerial and
ground explosions, the role of lagging neutrons, -rad-
.ation from neutron capture by air, ground activation,

and residual radiation from fission fragments. The final
chapter discusses problems in explosive neutron dosimetry.

Operation "Argus" was the name given to an experi-
ment carried out in the US in the latter part of 1958 in
order to study the behavior of' electrons arising as a
result of atomic explosions at an altitude of 40 kilo-
meters in the earth's magnetic field. The explosions
led to the fornation of an artificial electron belt around
the earth, which in turn gave rise to such effects as
aurorae borealis, radiowave distortion, etc. Observations
of the electrons introduced into the earth's ý.nagnetic
field were carried out with the aid of artificial satell-
ites and rocket probes sent u, to an altitude of 800 kilo-
meters. The book Operation Argus" contains papers pre-
sented at a special symposium held in 1959 on the effects
of artificial radiation at high altitudes. The material
included in this book is of theoretical and practical
value to many fields of science and tecnnolo!gy.

The popular scientific work by M. A. Bak and Yu. F.
Romanov entitled The Neutron, 1960, 82 pages, makes it
possible for a wi~de crcle o6f readers to get acquainted
with the discovery and basic properties of the neutron.
The book convinces the reader that the neutron is actually
an important component part of all nuclei and that it was
this particle which was responsible for the rapid growth
of nuclear physics. The neutron plays a decisive role
in nuclear fission chain reactions and in the liberation
of intranuclear energy on an industrial scale.

Of the recently-translated popular scientific works
on nuclear physics, the mat interesting is Atomic Age
Physics by 0. Semat and G. White, 1961, 205 pages. The
book Was written in connection with a populat' course of
lectures presented to a very wide audience over US tele-
vision. The first half of the book deals with the atom
and its structure. the properties of atomic particles,
and the history of their discovery. The second half con-
tains a detailed description of the history of the dis-
covery of the atomic nucleus. A number of chapters deal
with natural radioactivity, radioactive disintegration,
the splitting of the nucleus, particularly with the aid of
charged particle accelerators. The final chapters des-
cribe the latest advances in nuclear physics having to do
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wit", tr,, "L 1e rat>' ;' ranafilear ererg3y tb)rough I£le-
sion and fusion. Vne book makes ito e~asy for the reader
to acquaint himself' with ý;he history and development of
atomi~c and nuclear scienoze, it wiJ2. be useful to the
r'ea&L-r regardless of~ the level of' hiis familiarity with
this field of' en.

Fsaeratially the same siibJects are, dealt with in the
boolkt by W. Braubeak Measurement Methods in Nquclear PhE-
sica.- translated frmteGrmn 90
M-arp The Measurement of il~ualear Radiation.. from~ the.

~ngi:s~ ~a sed on series
of' populas, articles published in~ the periodicals Atomker-
neneie (Nuclear Energy) and NucleAr EqTineerinj.--T- 0
Eooks 137ve, a brief Vocmrhnie&o-n rrehd
used in asrniinuceatr radiation. The papular
scientific woek by J. Jonee, JT. Rotblatt, and J. Wirrow,
Atom -S and the. UJniversre, frcry, the English,, 191 aaquaints
the veaar wi't-T"e=.ufdations of' nuclear physics Pn
its appli.(;ation to problems iw~rlrg to do with the r-
ture of thle universe. The firnt. oaapter3 contain a his-
tory C.f the discovery anid properties of, -.iementary parti-
cles, th'e splitting~ of the atow and the problem ef' usin~g
intransuclear energy, nueleer reactions ini the stars and
sun, and iosrnia rays. Th~'e auithors then desoribe the pro-
pertiee oi' niatter aacepted in alaeastcal and m~odern physics
as baeed on relativity anid q~an~ttm theorgy. A consider-
able portion or. tha c deals with the solar system., the
generation of energy v'A Uiln the sun, the chemical oompo-
sitioni of' the plenetb, the Milky Way, and a discussion of'
the size and age of' the ;'niverse. The book is highly
readable and'anecesible to wide reader circles.

THE K.EYSICS CF HOT PLASMA AN~D CONTfROLLE~D THERMONUC-
LEAR RE'ACTIONS. In recent years, in connection with the
problem of' controlled ther'monucl.ear reactions there hes
been a considerable developmnent of plasma studies. This
in turn has lei to the appearance of' booics dealing with
the theory, creation, and use of' plasmas both Inl relation
to the above problem and other Iial of scieace and tech-
no logy.

The book by V. F. Sili, a±nd A. A. RlUkhadze ei.tit~led
The Elea trcnrpane tic Properti es of' FKla sm and £Plasyra-Like

atboit vedia with a spatial. dianersion of' dA~electric per-
mieability (Chapter 1').. In the next two chapters tioo
authors present a theoret"Ical description of' the proper-.
ties of isotropic and anisotropic plasma. In the f'inal
ehapters, there Is a generalized presentation. of tiie ef-



feces o. spatall disp(-rsJon Qa certain phenomena in metals
and an investigation of the dielectric permeability of
molecular crystals. The book gives a syatematic account
of a large number of Soviet and foreign achievements (the
bibliography nontains 285 titles) and is intended for
speci&lizing physicists and engineering physics students.

Also theoretical in its scope is the book by D. L.
Synge entitled Relativistic Gas, from the English, 1960,
139 pages. This book might be called an introduction
into the kinetic theory of a gas whose particles have
velocities comparable to that of light. Such a gas re-
presents the limiting case of a hot plasma. The exami-
nation of a relativistic gas is also interesting in con-
nection with the idea of a photonic rocket for space
flight purposes. The exposition is based on classical
concepts, without the use of quantum mechanics, and rests
on the geometric interpretation of the special theory of
relativity.

The book by S. Brown ElementaU Processes in Gas
Discharge Plasmas, from the English, 1961, deals ih
problems or great interest to plasma research. The book
is based on a series of lectures presented at the Massa-
chusetts Institute of Technology and technical reports
submitted to the Electronics Research Laboratory. In
scope the book is very similar to other works on gas
discharges, although it does contain an unusually large
number of figures and tables included largely in the chap-
ters dealing with transverse cross-sections, elastic col-
lisions, recharging, and diffusion.

Many of the Important concepts presently employed in
plasma research are borrowed from cosmic electrodyrnaics.
The foundations of plasma physics as applied to cosmic
phenomena are presented in Space Electrodynamic by J.
Danjey, from the English, 19ci, 2U5 pageMS.TT1 contents
are based on results obtained by the British school of
astrophysicists. This work is intended for the advanced
reader who will find in it a new and interesting exposi-
tion of many famous problems.

Project Sherwood b;a A. S. Bishop (1960, 175 pages)
describes research car.,.ed out in the US on the problem
of controlled thermonuclear fusion over the years 1951-
1958. The presentation is largely chronological and is
intended for readers with little technical knowledge. It
is accompanied by a brief account of the operating prin-
ciples of various experimental setups. The book gives
a clear account of research trends within the "Project
Sherwood'" program and on the difficulties of realizing
certain ideas experimentally.
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•,, uirui <• nornipecialist reacters Interested in
the problem of controlled nuclear reactions will welcome
a book entitled Plasma-.-the Fourth State of Matter by D.
A. Fr•.nk-Kamenets , 9.32 pages. Ahoug this
work is intended for engineers and technicians, it is in
every way accessible to readers with a secondary education.
The basic mathematical apparatus in the book is elementary,
with the more difficult passages intended for the quali-
fied reader set off in small print.

THE PHYSICS OF CHARGED PARTICLE ACCELERATION. There
are four books on this subject, two of them of a popular
scientific nature.

The Betatron, an Inductive Electron Accelerator by
L. M. Anan'yev, A. A. Voro•'yev and B. _. Gorbunov, 1961,
351 pages is based on the results of both foreign and
Soviet research. The authors have had a great deal of
experience in workIng with betatrons. Their book deals
with the following subjects: the theory of electron mo-
tion, the electromagnet and its feeder circuit, the vacuum
sys'tem, injection schemes, beam extraction from the cham-
ber, adjusting elements, protection avainst radiation.
The book is also useful for the case it makes in favor of
betatrons of up to 30 nev in energy for various practical
purposes (defectoscopy, medicine, chemistry, etc.).

The collection o' articles entitled Accelerators,
1960, 124 pages, includes a number of articlesr on oh-ged
particle accelerators. Some of the articles are devoted
to a description of a ferrite variator for adapting the
cyclotron to the phasotron acceleration range; other
papers have to do with a cyclotron with a periodic magnetic
fleld for accelerating multiply-charged ions, and a new.
achemae of beam extraction from the phasotron, etc. The
rest of the articles have to do with problems involved in
electron accelerators: a six-mev linear accelerator with
a constant phase Velocity; the dynamics and grouping of
particles in linear accelerators; beam extraction from a
betatron; and finally, the problem of electron accumula-
tion in accelerators.

Despite the emergence of new types of accelerators,
electrostatic accelerators of charged particles and the
cyclotron are the most widely used instruments in nuclear
research and various allied practical fields. The
scientific populiar books by B. M. Gokhberg and G. B. Yan'kov
Electrostatic Charged PartIcle Accelerators, 1961, 51 pages
an3 N. D. Fedorov, The ton A Cyeica! Resonant Ion
Acce.lerator, 1960, p-ages d- se- perating prini-_
pleT-rh-i ry, and subsequent development of these ncceler-
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atore whiCil ýUJICst CanIi se~~Air c~ veral dec~ades ago,

Noclear' Power Pmftuctic'n

Bools on tkbis Bujn iin~y be d~vided Invio three
grups: 1) 'e~fex'ence works of a gener~al cha-macter, 2)
books having 'ý-o do *with the probl,,tni c1% nuclear recctor
phiysies (in~oluding reactor tl:'nory Prd de~ag;n and ti~e

~)hJ'~CBof raclijatiorn p'otect'.1crt), en )bok ~~
witi, the technology and thernoteohnology of reactor de31gn
and explo~itaton.

Re_ý,erenae wor'iis. Thesce publicat-1.ons are intended
fo: v:ido. circles ol" M!%Qlalists in,,tereajted In the problemB
of riua1aar~ power -iý4 ~o nd allied sclentlific and
teohnicaa fields; thqr c~ontain dat'a which ean be ueed
dirxectl-ir in their daiij v.c~k Amnong suh publi,.cti-cns
areý ttne following; A danbook oft Nucler P~hy~rjc, ron-jt"s-Its
for: Reacto~r esigr. (tT-T.S
anMT.17. XaTyshev'b 1960. 280 pageb; A~ Brief Hanbook

It. F~,er), froir th&e en.. 161, 20pges; A Hanc{7oo'.C of'
~Waer~-0ooled Nuclear -Reactor Corroblon and Wearfm e

de -0 W B 13,pges; ?owe r
Produin& Reaotors In t,ý, US,, from the Rngliek,, edlteTiyW

The first handbook contains basic experimental data
processod and pres3ented in a fonn con.venient for pract-11cal
use, The first and second oh~pters incllude data o~n neu-
tror4 arons-ectionn in the t~heri~al energy raige,, as well
as accoraingl to reeonance level peremetvers. The third
chapter inc~ludes experimental data on inielaatiC SCatterring
and transport cross-mections. The fourth anad fifth ch'ap-
ters contain data on fast and intermiediate neutrons, as
well as fission produat yieldfs and energies. The Appen~dix
delscrib~z pz'actioal irethods 4tor uslrg the above izformation

The handbook for the en-ineeri~rg p1-n;,sjcjst is of a
* mores general c~hax-acter and i-B claas~ifitýd as a work on re-

actr ,in by vý,Vtue of' ohw, fae. thac rcst of its mat-
erial has to do with reactor physics and techncoloy. A

* speclal"?.et in x'eaotcs dAesign wil l nd i. ta ai
I.nftormation which h~e ifr st of&'--ttn req-tilres, in iiis da,!ly
work. At the same -ýre the book presente suff~iciently
detaille me terlal on ac. co2eratc'r techno.Logy, thermonu clear
reactions, nueoleaý.' phy~i:,,osp the geologyr of at(.mi., i:'ew
materlalr,s inotopcs., radiation medicine and boiology, and
other pivblemns.
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TVe book by R. Eger oont-Ii:ns reference waterial on
radiation protection. D. contains basic physical const-
ants, concepts, and dl,.finitions having to do with the
problems of dosimetry and radiation protection. It like-
wise has tables, £forular, and graphs necessaxr for prac-
tical safety calculatin;.

The handbook on corrosion and wear was written by a
group of American speJeclists.. Its value rests in the fact
that it contains a large body of factual material rela-
ting to the important problem of corrosion and wear of'
materials employed In the interior portlon§ of water-cool-
ed reactors. The first part of this wo1r contains an
examination of the structure of a nuclear power producticn
installation, general data on corrosion and wear, criteria
for material selection, as well as a consideration of pro-
blens involved in water technology. The second part con-
tains a description of methodesfor testing materials for
resistance to corrosion and wear, along with tabulated
experimental data. The third part has to do with special
wear and corrosion problems as they relate to material
selection and the choice of appropriate nuclear reactor
designs.

The handbook on nuclear power production reactors in
the US was issued by the US Atomic Energy Commissivn. It
represents a compendium of technical data on 10 major
nuclear power producing installations elbher already
operating or being designed and constructed in the US.
Each section includes a brief description of the reactor
type, its design, special features, auxiliary and control
systems, as well as detailed tabulated data on the reactor
and its various systemrs. A considerable number of draw-
ings illustrate the operation of each reactor described.

PUBLICATIONS ON NCLFAR REACTOR PHYSICS. Five books
belong under this heading.

The collection of articles by Soviet authors entitled
An Investigation of the Critical Perameters of Reactor
MYStems; 1950,-8i• es €ontans origfInal artfcleshav-

ng to do mainly with theoretical calculations of neutron
streams and critical perameters.(masses and volumes) in
various reactor systems of the following types: uranium-
graphite, uranium-berylium, and water mixtures of uranium
and plutonium. The collection includes graphs and tables
which establish the dependence of critical perameters on
the relative concentration and character of the fission-
able material and retarding agent emp~oyed, as well as on
fuel enrichment over a wide range of neutron energy spec-
tra.
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whiczh have not as yet r4?aeiv'ed systematic ~cvra~e in
So)viet literat-ure. lwh~lr wke ref'er to ltv, a apeilitc
bxn~nch oxO reactor (v (re c~tore with an ýýtennedlate
neatmtrn spectrum). ert- book in qv~eztion g rs a l.or a

to Lr , trie pre3tmt need for suah a worik.. Althlough
the slclope of the book is restricted to an Intermnediate
mrbactor withi a be-rylium retarder and sodium heat transfer

agen~t, miany o.-f the theo--1etical and exper'imeatal-mnethods
described are of ai genexa2. character and may be'unefui. tko
spe .,1,ialtsts wor&king with other types of reactors,

The book by T. Cachan and M. Causy entitl-ed The
Plhysias and Calculation of N~uclear Reantors., from FTFie
Frenrch, 1961p. 392 ae, sth fis U5iiVa in a three.-
volui~e set of text-s o-n. nuclear technologyj. It contai-vr:.
an examination of the foundaltions of atomic ano nie2sar
physics., a treatment of the phenomenon rf radloact:l.vity
and the properties3 of nuclear radii~tion as well a:, nuclear
fiesion proaesses and chaivi reactilons. Some conuidera-
tion Is given to the s-'Vatioaatry theoryj and dyrnamics of
reactors., aa well as methods for calaulating homogenez~uB
and va r" cue types of heterogo~reous reactors. The text~
is illustrated by mang numerical examples and characeter'-
istics of~ operating reactors.

Nquclear React-or C-ntrol, by 'e. Bowen and E. -~itvrs,
from Yn =e 395, 5 Wges, dieali with the p-roolevmr
of rer.,.zla ting urali~urn-gi-aphite gas,-cooled roacto~os which
have reached their mcat advan-ced stage In. 'Pnfand. It
Laoludee a depcription' of the opei'ation and calculation of
r~~tz~control sst~ems end ;~he necessax-y equipment.

There itz likewise a treatmenit of the effects of radiation,
reactivity, and velo,.; Liy of the heat transfer agenit on
the functioning reactor, Also covered is tht' problem of
reactor stabilityJ in in'.:ermecdiate reginmes. There _Ls a
liatingt of oriterta for apparatus end conttrol systeirs,
with a brI-e. descz'ip tion of irstmrwnents for measuring
neutr:cwa flow.

In his book e-.1.itled rT.h' Foundati~ons of Rean~lor
Shie~ldinrs, 1961,, .ý344 pages, -7 0 te~ oc ai-s h~T s

a-tenZFFon a discussion of fundamnental resarelrh in the
field of reactor shielding. In this respeot it is uvit-.
que avnong books on this subject translated into Russian
which as a rule deal mainly with research x'eo~iat4and
recommnendations oa the application of these resUlts in
engineerIng calculp tions.

The book gives a detaiiE'd description or equipment~
especially desi.gned for general expertments on 9!.ielding
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io r 8Lcian 'In po>.g a2i Qrim(na iey ar r*ztr
through thlick laý er ;~ nateritd.

FUBLICATTONS ON TY7 mECHWi11,0Y AND THEPY 1AL TEZ}{N0LCI3Y CF
NUC~9:z InCc~Z ethi 1o~ ~u es. 8 boj1,; 75 cr,

t e;2ýinrc)cgLý a-lid 3 co rxm ~nZ~j*
Lcokn on nuclear re, tor teciinolog. Cicc' h

rnaŽ,') problems in. power reactor design 1,.; the coxro;-i 'n Of
~i~leIn reiactors, wit,-h water as the hicpt transfer

F.~m The correct-i solu-tion of water r'Žgime pmcl1er~s f~oi.
rluc.-:ear power inzsta, 11allons Is impouisible without a kncý,,-
led~je of corrosive proc'es~es taking plane at nigh temnpera-
tures anid pressures. The collectlon of articles entlitled
The Corrosion of Reactor Viateiials, 1960, ?84 pages, edi-.
TTF3 VIWij~ TTWe tho ds fo r 'n crron-io n
and e~ectrotechnical reie,--rch., exarn".es the efi±Yc-t;:. of
water composition~ oni the corro~icn of stiuctuzval mteria.-s,
and discu9ses variouis fo,.~s of corrosion; corroe.ir. urn.ie"I
stress, J.ýnterarystalline ,ýoirro.sion, and the corjrosion of
react~or rnaterlals. Th~e book Contains a I1&rga rturriber of
experian--ntal data which. can be used ae a reference so'urce.

D. Hoysingtcfl's Foiandatlcuns ofNiacle!ar TechnolqU.,
from t~he Engllsh,, 196'--- pageY Te-l d waIthn--aT3 con-
cepts of material -str'uctuire and the problems of utilizing
atoniiii energy. Starting out with a very brief exposition
of basi-,; physical cr-ncpt,,. the auth'cr gradually acquaints
the veader with the nt~ructure of mnatter,, the propert-ies uf
atoms and nuclei, natZýa2l and artificial nuc'lear trans-
formations, ete. Mr.-h attention is devoted to prospects
for the: development of nuclear power production,, radioaj-
tive *hielding problems,, Lind apparatus for measuriag
radiAatioa. F'rom ý.he styliistic standpoint the book
should be accessible to a large number of readers without,
specialized preparat-1,on.

The b~ook by H. Croiach, Marine ýtaclear Power Inst~alla-
tiono, from the English, 1961, e~-ines'e 6aeiTc-"pxZT1i3R
encoun~tered in nuclear power system desl~n. The auti-hoo
exasmir~es the special. ell arueteris tIes of sutch installations,
their economta5, and desaribe;3 the poss~.-11e types of noa-
clear fuel. along with rnethab 1or t~h nuc,,ear physle.03 and
thermophysical calculatioQns of' the netive zone. He then
proceeds to evaluate the capabilities of ths various types
of nuclear reactors with refex-ence to marine po~wer' pro-
duati~on. Much attantioa is de-voted to the, problems of
saf'etyi abo~ard atomic. powered vessels.

M~etho~ds for findcinig optirnal values of design variables
in nuclea;r power product..on systerna to~ ansure the loweat
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pos.aible costs for e1 ctr-icity produced at atomic instal-
lations are described in P. Margen's The Choice of Optimal
Variables in Reactor Design, from the"English, 1961, 101
pages. The material included applies to uranium-graphite.
reactors with gas cooling systems. Many of the techni-
ques examined can be applied to other types of reactors,
however. It might be said that the book represents a
first attempt to present a comprehensive solution to com-
plex optimization problems in nuclear power production.

One of the most important problems in the operation
of nuclear reactors is the control of reactor radiation.
The bok by M. Gausy and T. Caohan entitled Nuclear Reac-
tor Control, from the French, 1961. 17,: pages gives a
W-fl led-escript;ion of apparatus for controlling radiation
and reactor regulationr Special attention is devoted to
the bio3oglcal hazards of reactor operation and shielding
methods.

Books on the theTnal technology of nuclear reactors.
Thermoenergetics of Nuciear Installations by B. V. Petunin
1955, ,.532 pages contiins i -naoRtlon on-nuclear reactors,
and the calculation and design of nuclear power installa-
tions with steam and gas tubine energy cycles. Also con-
sidered are the characteristics of heat transfer agents
presently employed, and the tedhnological schemes of the
most typical present-day atomic electrical power stations.
Also included are data necessary for calculating and de-
signing heat-exchange apparatus and steam generators for
atomic electrical power stations.

Basic information on thermodynamics and heat transfer
necessary for the design and calculation of heat removal
processes from nuclear reactors and the transformation of
heat into other forms of energy are described in Applied
Thermodynamics and Heat Transfer, by I. I. Novikovand
K. D. Doskresenskly, 1961, 54b pages. Like the other
books in this group, this book is useful not only to
specialists in the field, but also to undergraduate and
graduate students in higher educational institutions.

The problems of heat production in nuclear reactors
and methods of removing and usefully utilizing reactor
heat are dealt with ia Heat Removal and Transformation In
Nuclear Reactors, by R1. Aai-h-d a P .Ag'erono, from the
.RB-n-, 1951. -one excellent feature of this work is the
inclusion of a large number of examples of the calculation
of heat removal and utilization, as well as its extremely
succinct and systematic styleý of presentation.

Nuclea_. Fuels and Materials
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MJCLEAR GEOLOO". ThIs section includes books both
on geology and geophysics.

tUranlujr Pravinaes,, by M. M. Konstantinov and Ye. Ya.
Kuliko-i 1550,306 pages, coftatitates the most exhaustive
compendium to the present time of data otr the geology of
urmnium provinces and deposits in foreign countries, It
includes a bibliography covering almost all publications
on uranium geology published through 1938, as well as a
map of the main ore provinces end uranium deposits in the
capitalist countries constivcteC on the basis of tectonic
data.

The first chapter gives a general idea about uranium
provinces and their position in the earth's -metallogenic
scheme, the peculiarities of provinces in various geotec-
tonic structures, as well as the epochs of endogenic and
*exogenic uranium accumulation in the earthts crust. The
authors express a nurmber of new and quite original sup-
positions of which the most interesting has to do with the
predominant location of uranium ores in pre-Cambrian
shields at the contact zones between Proterozoic folded
belts and more ancient Archean masses. Chapters lE-VIII
are devoted to a dezcripýAon of uranium provinces and
deposits according to separate regions and continents.
They include geological and metallogenic characteristics,
as well as geotectonic analyses of the territories in
question. The inclusion of such general geological and
metallogenic information favorably distinguishes this
work from earlier publications on the same subject by R.
Nayninger, M. Rubo, V. Domarev, V. Kheynrikh, etc.
Chapter VIII likewise contains some information on the
uranium industrial base of the capitalist countries and
the dynamics of its development.

In present day liter•ature, very little attention is
devoted to prospecting, surveying, and testing of uranium
deposits. This laok is to a considerable extent filled
by D. Ya. Shrazhskiy's Methods for Uranium Deposit Pros-
pecting and Surveyn, 4 19o ý- Bocrp
resents a methodologica" handbook on uranium prospecting
and surveying.

Its first section co.ntains a general descripticn of
the types of industrial uTrnium deposits and basic criter-
ia for prospectors. The second part describes prospect-
ing methods according to radiation, gas, and salt aureolae.
The "radiation" methods include aerial, ground, and sub-
terranean photography. The only emanation method des-
cribed is a rapid radon photography technique. The third
seotion covers preliminaiy and detailed survey methods and
calculations of the amount of uranium in the deposit. The
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concluding chapter of this se~ction listg basi,'c criteria
for the industrial evaluation of uiraniu1m deposits as well
as certain special techniques for evaluating their rioh-

The geoogical-3e'nphysical servicing of uranium imines
is criaracterized by a rnumber cf apecific pec-uliariti-as.
Methods for the Geo.ical-Geoeysical Servwin. ofUm~n-
I=m Mines, by G. 1. Ferov, M. v ueniov, T .M.Teneni-
vu7ri. R L. S. Yevsey7,-va, 1060, 217 puges represents an
attempt to cover a complex o-f geological-geophysical and
hydrogeo-logical measu~iS. Tihe book includes a brief' mor-
phological and radiological description of uranium de -po-
sits. It also covers prospecting and surveying systew~es
employedi In -uraniur minres., methods of geological-geophy-
sical mine documentation, sample t%.akine. metho~t, problems
having to do with the sorting, en.-I~chment,. and melting cf
ores, instructions for keeptng loss and deplletiorn re-ords,
as well as the participation of' mine geologizts in the
planning of mine exploitation work. The last 1:hapte.L Is
devoted to the hydrogeologioal servicing of vmines; it
describes the various types~ of mine flooding, methods of
combating water* petroleum, and gas in ore-bearing strata,
as ws.ell as engineering-geological, hydrogeologica). and
radiohydrogeological observations in uranium mine~s.

The t-ook by To. R. Ambartsumyan,. G. 1. Basalova,,
S. A. Gorzhevskaya, N. 0. Nazarenko, and R. P. iQhodzhayeva,
Viermal Studies on Uranium and TUranium-Containing Minerals,,

obtained from thernoanialytic studies of uranium and uran-
ium-containing minerals. The book contains standard
heating and dehydration curves., as well as data resulting
fProM 3tudies of changes in the physico-chemical proper-
ties of minerals obtained with the aid of arystallo-opti-
cal, roentgeriometric, microchemnical, and luminescent anal-
ysis. The minerals are described on the basis of A. 0.
Betekh0-inls classification syetem.

The book by Yu. 14. tymk~v, The Uranium -Mineralization
of the Rudny Mountains., 1960, 10U pages-1V~sa ~e
deserIption or the gie~tic peculiarities of' hydrotk'eimal

* uranium deposits in the ol~de,%t mining area of Central
Europe. It describea vein formations and parageneses,
epochs an~d stages of' mineralization,, mirneral1atiort phases,,
mineralization dycles, as well as a numhter of' suppositions
regarding interactioria between solutions and minerals,.
the formation of' cationic s,ýAfatara compositions and h:ydro-
therms, etc. In the author's opinion, the uraniurp de-
posits In the Rudny Mountains were. formed during the
Variacan metallogernic epoch., but that they likewise bear
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&... oi~ •rasforznatic•n L~rirg the Alplne epoch.
The geochemical Interpretation of uranium mineraliza-

tion processes is based on an analogy with the modern
fumarol-solfatara process. It is assumed that as the
magna center iooled, it released ma~matic gases in a
seq".ernee whi•n wvs to detert-Ina the regular alte-ration of
anions i: solution. Metals, alkaline earths, and alkalis
emerged from the surrounding strata in areas of active in-
teraction with acid solutiQos.

The book by A. A. Saukov, Radioactive Elements of
the Earth, 1961, 161 pages, is one-of a-3e.re__! -- •ofolar
Zhi -Zn'-_c works. It tells of' the history of the dis-
cove.y of radioactive elements and radioactive transfoz-
mations in uranium, actlnouranium, and thorium families;
other sabjects covered are the structure of the earth'I
crust, the distribution of various elements and their
radioactive isotopes therein, the radlum, uranrium and
thorium content in various rock fonnations, soils, and
natu.-cs! waters, atmoso;Theric radioact1.vity and uranium
minerals, the eartnh-c,,ergy ther•al balance arising as a
result of nuclear disintegration ef radioactive elements
found In the eartb's crust, the migration of radioactive
elements and geochemical cycles, the genetic types of
uraniurt deposits, and various methods of surveying deposits
ofradloaative elements. Written in an interesting and
engaging style, this book can be useful to the non specia-
list interested in radioactive raw materials.

The last several years have seen a considerable ex-
pansion of the eccpe of efforts requiring the determina-
tion of the presence of uranium, thorium, and their dis-
integration products in variouLs substances. Of consLder-
able interest in this connection are radlochemical and,
radlometric methcds which make it possible to determine
the presence of uranium and thorium disintegration pro-
ducts by their radioactivity levels alone. The book by
V. L. Shashkin entitled Methods for the Analysis of
Natural Radioactive Elements,_ 19bl,• 152 pages, contains a
systematicreatment ofte results of 126 research pro-
ducts on methods for determining radioactive elements in
the uranium and thorium series published In various for-
eign and domestic publications through 1960. The seven
chapters in this book are concerned wl th the radioactive
properties of natural radioactive elements, radioactivity
measurement techniques, physical analysis methods, tech-
niques for determining uranium and thorium isotopes, me-
thods of detecting protactinium, actinium, and radium and
polonium isotopes, methods of detecting radium and radon
isotopes, and finally, the basic principles of complex
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:madioohemical analysis,
The brochure by L. N. Posik, I. V. Koshelev, and

7V P. .Bovin, entitled Hadiometric Field Analysis of Ore
S3arnlest 1960,. 78 Peges is tEE first generalization or
g-c'tial experience acctumulated by mining enterprises
:in the eield analysis of radioactive ores. It includes a
'.oef examination cf the physical principles of the method
and the elements of the complex field laboratory. Most
oO the attention it devoted to the techniques and organi-
zation of field analyses with the aid of RKS-l, RKS-2, and
RPS-3 installations, methods of determining correction
factors, as well as error analysis. The appendix includes
technical criteria to be used in the planning of control
points with RKS-l installations.

One of the radiometric technioues used in detecting
radioactive ores is the 03-'r analysis technique. This
method was developed in 1947 and has since yielded a con-
siderable amount of data. A brochure entitled The Analjy-
sis of Radioactive Ores by the - - Method, byT1i.Ba
e-M orF aya, V. L. S.ashki-, and T. *M •umilin, 1961,

64 pages contains a desoription of modern radioactive ore.
analysis methods according to p-and Y-radiation measure-
merits. Actually the brochure constitutes as handbook on
the analysis of radioactive ores by quantitative radiomet-
r:Lc methods.

One of the methcds-of nu~lear physics assuming ever
greater importance in the detection of beryllium is the
photcneutron technique. The Photoneutron Method ogfBery-
lium Detection, by M. B. W1hibors.aya, %95l, 51 pages
ael1s with the analytic niethod based on the use of the
photoneutron reaction in the beryllium nucleus. It is con-
cerned with the general problems involved in the use of
nuclear physics methods in beryllium detection, and like-
wise includes a description of a laboratory variant of the
photoneutron method. Taking into account the special
role played by safety techniques in the practical applica-
tion of nuclear physics methods, the author has included a
special set of instructions on safety precautions to be
used in working with noutvcn radiation.

The appended bibliography includes all the latest
writings on the above subject published through 1960.

NUCLEAR• METALLURGY. Ever greater attention today is
being concentrated on the study of uranium and thorium as
metals for the purpose of developing new alloys to be used
as nuclear fuel. Of definite interest in this connection
is the collection of papers by scientists of the Metallurgy
Institute Imini A. A. Baykov, edited by 0. S. Ivanov,
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entitled an.e Strcturý' ;. AJ1oy s of, crtain systems Con-
taining Uranium and- Tt.orlum, 1961, 492 pages. Th e col-
lection contains the results of extensive studies of the
structure, phase transformations, and properties of a
number of double, triple, and quadruple alloys based on
uranium and thorium, as well as high-melting compounds of
these metals, particularly beryllide and carbide oxides.
Particularly full treatment is given to the binding of
uranium by zirconium, niobium, molybdenum, and chromium,
all of which dissolve easily in - uranium and have a
relatively small thermal neutron capture cross-section.

Important problems In the metallurgy of uranium and
a number of important structural metals are examined in
the monograph by G. Ya. Ssrgeyev, V. V. Titova, and K. A.
Bortsov` The Metallurgy of Uranium and Certain Reactor
Materials, 191'O, 22 pagesI. AlnOng wfUt'T- -aon MeT
5tructure, physical, and mechanical properties of uranium
and Its alloys, a considerable amount of atterition is de-
voted to the effec:ts of irradlation and thermal cycles on
the dimensional and str-uctural stability of fuels and
heat-producing element shells, as well as the thermal and
thermomechanical treatment of uranium. A separaLe sec-
tion deals with the technique of constructiog heat-produ-
cing elements with solid metal cores.

A wide range of problems Is treated in the second
issue of the collected papers from the Metallurgy and
Metal Studies Depart"'ent of the Moscow Engineering Physics
Institute, entitled 1he Metallurgty and Metallic Properties
ofL Pure Metals, edited by V. S.-Yemel'yanov and A.I.
YevstyukOh, =960, 336 pages. The collection includes
27 caners which are concerned with such subjects as the re-
finement of chromium, niobium, and thorium, as well as the
physical and corrosive properties and diffusion character-
istics of zirconium and its alloys. Desriptions are
given of apparatus and methods for measuring internal fric-
tion in zirconium, niobium, uranium and their alloys.
Also included are the results of stidies on the diffusion
of sulphur, phosphercus, carbon, anc, binder components itl
stainless steels.

Beallium, Its Chemical Technology and Metallurgy by
G. F. Siiria, Yu. 1. zarembo, and L. E. Bertina, 196O 1120
pages, constitutes a critical generalization of published
materials and contains a description of nuclear, mechanical,
corrosive, and chemical properties of beryllium. Also des-
cribed are industrial methods of obtaining pure beryllium
and its compounds.

It would likewise be apropos at this point to mention
the book by M. Sittig, Sodium, Its Production,, P'operties,
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and Uses, from the English, 1961, wwhich deals with one of
the more promising heat transfer agents used in nuclear
reactors.

A special place among publications in this catagory
belongs to the book by G. N. Balasanov, The Foundations of
the Automation of Technoiogical Processes In the Hydro-
Etaf.lu 0?-Rare-an--1"ad-a v M sI, 1960, 29o pages.

Tin-eatively compact rom the auti.r di-Lcusses basic in-
formation on presently available automatic equipment,
characteristics of regulated objects, and methods of cal-
culating and designing automatic control and regulation

* systems.
iFrorn among the foreign publications, we should give

special mention to The Technolo~g of Uranium Production
by C. Harrington anBd•A.'ruhe1esee also the sectlon on tie
chemistry of nuclear taterials 'elow7, from the English,
1961, 586 pages. This iionograph cvovers a wide range of
problems in the study of uranium metallurgy, properties,
and processing technology. Separate chaptern, deal with
the production of metallic uranium both by reduction with
subsequent remelting and by the direct reduction of tetra-
fluorlde. Detailed consideration is given to forging pro-
cesses in the alpha phase by Ireans of primary presses and
rolling and mechanical tzeatment mills. Recommendations
for- safety measures are also included.

Certain to be of laterest to scientific workers and
engineers employed by scientific research institutes and
industrial enterprises is the first collection of surveys
issued by the Battle Institute entitled Nuclear Fuel.
Materials, from the English, 1961, 273 pages. Also in this
category is the collection entitled The Extraction and
Purification of Rare Metals, from the English, 1950, 512
p'gas.- The 22 pape7Fln tis collection, first presented
at a symposium at the London Mining and Metallurgy Insti-
tute, contain the results of laboratory and semi-iniustrial
studies on the technology of uranium, thorium, berylium,
titanium, zirconium, hafnium, niobium, vanadium, selenium,
and other rare metals. The collection contains a wide
range of experimental data as well as a number of theoreti-
cal generalizations ard critical remarks made in the course
of d1scussilons.

ThE CHEMISTRY OF NTJLEAR MATERIALS. Books in this
catego•ry are convenir-irly grouped according to the following
subheadings: "General Chemistry", "Analytical Chemistry",
"Chemical Technology".

One of the interesting publications in the first sub-
category, is The Chemistry of the Actinide Elements, by



G. Seabox'g anid D~. Katz, 1960, 542 pages, supplemented by
materials publisiied in wtid-1959. Thio monograph contains
sufficiently complete data on actinide chemistr7 and can
serve both as a text and a re~ference.

The Chemistry of Extraction Processes, by V. V. Fomin,
190 b gsc~Tý s eeaia a n analysis of

mddern theoretical concepts on tne extraction mechanism,
one of the most important processes in modern chemical
technology. Along with other problems,. the author exa-
mines the dependence of distribution coefficients on the
concentration of the extragenic coomposition.of the water
phase and the electrolyt-ic dissociation in the organic
ph a ,e .

Two books deal with problems in an~alytical cheinistxy.
These are Uranium and the Mothods. :ts Determnination, by
S. V. Yelinion,, V. R. MFrkv, A. V. VH-7grabv, .-Ye.
Klygin, and I.. V. Moisayev, 1960, r-64 pages,, and ZLirc-onium:
Chemical and Physical. Me1thods for Its Analys.&. bT S. V
YeTinsn and K. I. Petrov, 1960, pages-~.

The first of these containb a systeratic treatmen"V of
information accumulated over the last few years in the
field of the analytic chewistry of uranium. After descri.-
bing the phy~sical and chemical properties of uranium anid
several of its compounds,, the authors give detailed con-
sideration to methods for the qualitative detection and
isolation of uranium, as well as weight, volume,, photo-
metric, electromet.-Ac., luminescent,. and radionetr-al
methods of uranium detection.

The book by S. V. Yelinson and K. 1. Petrov is con-
cerned with the chem~ical and physico-chemical properties
of zirconium and. its compounds; it includes the basic
anaJ.ytic reactions and describes the more reliable photo-
metric,, radiomietric, spectral, rointgenospectral, chemical,
and physical methods of detecting zirconium and various
admnixtures.

A somewhat greater number of publications falls into
the category of "Chemical. Teachnology". In it, the reader
will find books dealing both with the general technology
of nuclear materials and the techn~ology of indlvidvia]
elements anid compounds.4

The book by Ya. I. Zill'erman, Th2 Eoundtion§ of-the

1961, 332 pages, contains a systematic 3Urvey of info~rma-
tion on the chemical technology of radioactive elements,
mainly on the reprooc-csing of irradiat-ed nuclearPftel.
The book 2ikewise touches on problems Involved in the che-
mical and biochemical effects of ionizing~ radiation~. The
simplicity and compactness of this work make It an ideal
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text fo2: uale &rad-,ate t-.rnd grduatitc students in the appro-
priate rields.

A1.so of the text*:ýocok variety is the wor~k by M. Bene-
dliet iaid T. Pitford! entitled The (Chemtc:P Teýhno"Iny of

Nc.Leair Materi*als, 29o'¾- 523 paafo h-nls.i
Tii~~ acump~-e.~t trý3atment; of mcthocd;3 for obtla.lning

-nat-erilq2s used in nucl%1P: tehno~logy a., well as methods
for re~iicaesaing ira,'li.,ted materi~als. Certain problemis
ia r~uo'ear physi2-s ard appanatus employed, a-re discuseed as

sa~1e~itaymat Ab 1ia; Consiade rable atterq'c;-.!on. is devoted
to the nrccesses -ol lsol ope extraction and separation which

~i' a tr~ngindustrial IiYmort-anze along wit'. the develop-
oV ,1 nuclear pc~wer produation.
A~mwng the puui'-icatlons deveoted to the pxroiolx'.rs of

chemnical teannology:, we should notCe Urani~um rIechnoloby
V. T'. Shcvaheriko ouid B, N~. 9,udarItoiv, -fW-YTM :i*ý-

barýon a series of le-ctures pr,,esnt,.'d 'by t~he auithcrs at
the Mos'now Chemical Tec:,hrologn InstitVA'e of t0he Or'der o,1
Lernin imir.i D. I. Mende' I yevi. After a. brief introduct."on
a-ad desc~riptlon of thfý chemi.cal ari(i phys~co~-chemical iv.~-
c0a rtie3 of' uranium and its aoOJpouflds, the authors proceed
io consider uzraniumn ores and minerale _ their me clani cal
an~i h h-tiýjTeaiv processlrnS aiai leaching~. They then
extarrine tiedi ient&aton, .!zp-n.. and exctracclon riethods of
treating uranium ore sispens:tons,. 43 dee1 as problems
hlaying "Go do w-itq i'irantumx.' refining,. oxide production, ura-
nium, t'ri '- ar'c i hte:'afluovide, and finally the pr-aparation

t. Ye'aiic u~aniun
The bookc by 9. P. (lalkin and B. V. Tikhomirov enci.tled

ThEp Basic. 'PoPXsCCS8', and Appaivtus of Uranium Teennology,
T47-?T.pgB ger~erHIT-zes mFaif-!`T.F In tiils rfI -Pu b-
J.Lshed "n rec;ent jears. The eurvey iticludes papers on the
inS~haniaal processes involved in tile treatment of solid
materi.als and mixing in liquid media, as well as classifi-
cation1 ar-d dehydrati~on processes. Also presented are the
Senera. mass-transfer laws which 3simplify t.he study of
dif'iuslocai processes, -Inc2lud~.ng soli UL~on, ion exchange,

extrat~Gn c~rsta~l.li,.tion arnd dý' irig.
Problema in ý_he~rrical teohno'lo&y are Ii~cevise consider-

ed In Ithe first part nof the book b~y C, iiar~rirnton and R.
Ruhtle, The Tchnolo yuf Uranium Productioa1, 1951, a36
Pag"B. Ne 1ng4F-0 PrOVD.Te conpdere Is Tl imited to the
chemis-'r'y off the procesB involvedi n c.re concentrate ex-
posure, extractioi proce~Sle3, uraiy2." ý-iitrate decor,.-pos1,;cn,
and tetisf.fluoride prod-actioa. -0bo irio;lu.ed are purhM*ý-
CR4.ion proeeapea osed on ether anrý trt.uttylphosphrite
extra'c Oicn. The .econd par;. of 'the book: -Ai concerned. with
te,71nological sceiires for urianium con uurid production.
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Th' -17 and Te: .hnc L of Uranium-Fluorine'
""414ark Ykv, N. S-, Niko~layev, Yu. D. Sh~ishkovx and

A. B. Knatikov, 1961, 349 pages constitutes a detailed
survcy of' research pa-persi published prior to June 1960 on
the pk-yelco-chemical prnop*rties an~d methods of producing
the ) lin e2 uc rine -ýoripc-,iida of' uranium. Consideration is
f~ivý" Vo the .tluorlde-disi~llation reprocessing of' Irrad-
-iated niu!.'.Iear fuel., as we]Ll as the chemistry and tochnolo-
gy of fluc,34ne, hydrogen fluoride,, and halogenfluo rides.

A brief' dascriptLion off the properties of uraniun and
-Its -'on~s, Informnation about uranium ores., safety techni-

Ifi the purification off uranium concentrates and,,
what_ 4Is more important, a description of the theoretical
and technologiCal pm..cesess or uran~iurr concentrate repro-
cesslng up to the 1eve.A of' pure salts and metallic uvainium,.
c-ompl~ed on the basis off published data, W.l1 be found by
the reader in The. Technolouy of Uranium Coneentrat,2 Pepro-
cessings by "5ya 1-kn0A.A. ajro, ~T~y~n
T976_5__ pages.

Of -:ne books dealing wi1th the chemical te:%hno2.ogy of
indivildual elements, we should mention the surrvey work ory
G. Ye. Kaplan, 0. A. Usperuckaya, Yu. M. Zaremtbo, and 1. 1.
Chirksovs entitled Thorium, Its Raw Material Rezour&.-s,
Chemi s try and Tehnl 9677 pj aa -wi13iFii~i .s

a dsetptin o t~ pya-lco-chemical,. corrosive, and,
radloactive propertiles -.f thoralu'm; consideration izý also
given to the, analytical chem~ist:'.m and technology in the
production. of' thorium covnolcunds. The survey likewise
covers a r-aimber. of' pm~blems involved i~n the metallurgy and
processing of ~.cmpact, and pow~dered metallic thorium.

Lithi.um, its Cvmit2and Technology, by Yu. I.
cstrousiiTZi071r-T. V V AI-a~n and a large
group of co-authors, .1 960, 200 pages also belongs in this
category. Together' wit4 an examination or the most imn-
port~ant minerals, geochemical and physico-chemical proper-
ties of' lithiiun and Its compounds,, th 'e technology olf' lith-
ium ore reprooessif,p and the analytical chemistry of'
lithium, a considerable portion ef' the book is devoted to
the problems of' lithium ore enrichment and metallurgy, in-
terest in which has grown inconnection with the possibility
of using this element in reactors as a heat transfer agent.
The raurvey is compiled on the basis of data published In
domestic and foreign so,'urces o'ýrer the period .1818-1956.

At this point, we might also mention Ion-Exchange
Membranes and Their pplicatioiis,, by B. 1. koiand
9.M mnlv' 9I0-13pgs devoted to one of' the
more important mocdern areas of chemical technology--the



use of elecetrodilysis with ionite menibranes in radiochemi-
cal production, uranium metallurgy, and water desalination.

A special place among books in this category belongs
to The TheorV of Isotope Separatlon in Columns by A. M.
ROen. 1901., pes, a• genealiza o of e author's
papers publibhed since 2945. In the first part of the
book, the author examines allof the most important counter-
current separation processes from the standpoint of basic
mass-transfer laws, and establishes a connection between
engineering and physical concepts as to the motive force
behind the process. The second part of the book deals
with general methods for calculating columns and cascades.
This io followed by a derivation of the general theory of
separation; optimal ?erameters are chosen on tne basis
of the theory of similarity of non-stationary processes.
This book bears a close relationship to a monograph by
V1 P. Malkov, A. 0. Zelldovich, A. B. Fradkov, and I. V.
Danilov entitled The. Production of Deuterium from Hydrogen
bthe Deep Cooli•M 901- 151 pages. nis -book
co"•-t•i phico-techni!cl foundations of the method,
the results of studies on diluted mixture rectification,
and s-hemes for industrial installations. Also consider-
ed are methods for hydrogen purification and gas mixture
analysis.

(To be continued in the next issue).
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